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I. ACTIVITIES OF THE PAST QUARTER 
A. Data Collection 

1 . Radar Data Collection and Evaluation 


The radar mission, Mission Number 424, was successfully flown on 
June 30, 1980. This was the first radar data to be obtained in support of 
the current project. The sensor used was the APQ-102 side-looking radar, 
and the aircraft platform was the WB-57F flown at an average altitude of 
approximately 60,200 feet MSL. Small scale color IR photography was also 
obtained of the study site as part of this mission. 

The APQ-102 side-looking radar is a fully focused synthetic aperature 
radar imaging system. A horizontally polarized pulse of energy of 9600 
MHz + 5 MHz (this wavelength band is commonly known as X-Band) was trans- 
mitted by the radar system, and the returning energy was recorded on 
separate holograms as horizontally (HH) and vertically (HV) polarized 
responses. These holograms were then processed through an optical correlator 
and the resulting images recorded on positive film, which was the format in 
which the data were provided by NASA to LARS. 

The positive-map film was received at LARS on August 8, 1980. Black 
and white negatives and positive prints were then made of the radar film 
for handling and pre-analysis purposes. 

Visual comparison or the HH images and HV images indicates that there 
is a distinct dark band in the imagery which covers about 30 percent of the 
radar strip (see Figure 1). This band is very distinct on the HH images and 
is also quite noticeable on the HV images. Because the dark band falls on 
the test site for the Flight Line 2 data, the value of a detailed quantitative 
analysis of Flight Line 2 appears questionable (see Figure 2). However, the 
Flight Line 1 data looks reasonably good and the dark streak does not fall 
on the test site area, so this should provide a good data set for the 
quantitative analysis. Preliminary evaluation of the data indicates that 
various features on the HH and HV images seem to give different response 
levels, which provides promise for using this type of data to differentiate 
among various cover types and/or condition classes. This aspect of the 
data will be carefully studied. 

The amount of sidelap due to the look-angle between Flight Lines 1 and 
2 is negligible. This was surprising, since the flightline centers were 
defined to be only 5 n.mi. apart, but the swath width of the APQ-102 is 
10 n.mi. Examination of the imagery indicated that the start (south end) 
of Flight Line 1 was exactly where it should have been, but apparently 
there was some drift as the aircraft flew up the flightline, resulting in 
a smaller portion of the test site being imaged at the northern end of the 
flightline (Figure 1). Flight Line 2 was flown 1-2 n.mi. to the east of 
the desired location, resulting in the lack of overlapping data. The slight 
amount of sidelap that does exist falls on the very edge of the data where 
the image quality is too poor to be of use. Since there is no useful side- 
lap in the data, analysis of forest cover as a function of look-angle (using 
the overlapping area of the two flight lines) cannot be pursued with this 
data set. 
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Figure 1. Radar images of flight line 1 for the HH and HV polarizations. 

The corresponding area of the MSS data is outlined in white. 
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Figure 2. Radar images of flight line 2 for the HH and HV polarizations. 

The corresponding area of the MSS data is outlined in white. 
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Figure 3. Radar images of flight line 3 for the HH c*nd HV polarizations. 


NtiA/fSC Hi 


5 


An estimation of the scale in the "along-track" and "across-track" 
directions Indicates that there could be a significant difference between 
them. The scales were determined by measuring the distance between two 
points on the radar lmagcn and the same two points on USGS maps; two 
different measurements were taken for each direction and the averages com- 
puted. The approximate scale for the along-track direction is 1:361,000 and 
the across-track direction is 1:413,000. Normally on fully focused SAR 
systems the along-track and across-track scales are the same (Tomiyasu, 1978). 
This is because the length of the flight line over which the signals art 
combined is equivalent to the along-track length of the illuminated area 
at far range for any given pulse (Greer, 1975) . Because of this relation- 
ship many variables can Influence both the along-track and across-track 
scales, and thus create significant differences between the scales even 
though the system is a fully focused SAR system. The SAR system is a 
phase-coherent system and the differences or phase errors can be attributed 
to system imperfections such as radar-platform velocity deviations, targets 
in motion, electromagnetic path length fluctuations, and electronic equipment 
Instabilities (Tomiyasu, 1978) . Since spatial characteristics, such as 
resolution and swath width, of the radar system are based on the same 
properties used to determine the scale, the system parameters must be 
evaluated to make an accurate determination of the spatial characteristics 
of this data set. 

2. Multispectral Scanner Data Collection 

NASA Flight Mission #425 to obtain three flightlines of NS-001 MSS 
data and supporting aerial photography was sv essfully flown on July 2, 1980. 
A summary of the support data is shown in Table 1 along with characteristics 
of the camera equipment used. 

The Flight Line 3 data quality was very good and virtually cloud-free. 
Flight Lines 1 and 2 both contained sane cloud cover especially in the 
northern sections and near the city of Camden, South Carolina and over the 
adjacent Wateree Reservoir. Flight Line 1 over Camden and north of the 
city contained between 30Z and 40Z cloud cover while south of Camden the 
cover was only between 0Z and 10Z. The quality of Flight Line 2 was 
generally better than on Flight Line 1 and contained only between 10Z and 
20Z cloud cover north of and over Wateree Reservoir. 

Mission #425 was continued on July 3 in an attempt to collect scanner 
data over Flight Lines 1 and 2 under more favorable weather conditions. 

The weather was generally very hazy, however, and in some areas over 50Z 
of the imagery was covered by either haze or cloud cover. This situation 
occurred both north of Camden on Flight Line 1 and north of the Wateree 
Reservoir on Flight Line 2. 

3. Field Trip to the Study Site 

A field trip to the study area was conducted by Ellen Dean from July 1 
to July 3 for the purposes of obtaining ground information concurrent with 
NASA Flight Missions #424 and #425, and to become better acquainted with 
the study site and the characteristics and variability of cover types. 



Table 1. NS-001 Scanner and Aerial Photography Information: NASA Flight Mission #425 
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The first two days were spent in the field gathering reference infor- 
mation and color photographs of the various agricultural and forest cover 
types and conditions. These sites were located on aerial photographs from 
the previous NASA mission, Mission #399, noting the occurrence of any 
specific changes in the cover type. On July 3 a rental plane was flown over 
Flight Lines 1 and 2 at an altitude of approximately 900 feet above mean 
sea level and numerous aerial photographs were taken to be used in conjunc- 
tion with other ancillary data to compare with data obtained from Missions 
#424 and #425. Subsequently these photographs were Identified and labelled 
as to their corresponding positions on the CIR photos from Flight Mission 
#425. 


To provide background information to use in the interpretation of the 
radar imagery, data on weather conditions was obtained for a period of one 
and two weeks prior to the flight missions (Table 2). This data was 
recorded at the Camden Weather Station, which is located in the -»nter of 
Flight Line 1. 

B. DATA ANALYSIS 

1, Selection of Test Fields 

A COMTAL Vision 0ne/20 display device was used to aid in selection and 
photo interpretation of the test fields for the various spatial resolutions 
being investigated. Blocks of the geometrically and "radiometrically" 
adjusted imagery (see Quarterly Progress Report September 1, 1979 - 
November 30, 1979 for discussion) were used. 

The first step involved designing a test sample grid such that the 
cover classes occurring at the various coordinates of the coarser resolu- 
tions could be identify ,*d using data of only one resolution displayed on the 
COMTAL. By designing the grid such that the set of pixels examined for the 
test pixel identification corresponded exactly with the set of pixels 
averaged in the resolution degradation program, the identifications made 
using the finest resolution data could be precisely mapped into the coarser 
resolutions. The spacing for the grid is thus determined by the smallest 
number for which all resolutions provide a common denominator. Since, for 
the across-track dimension, the resolutions are the avenge of 1, 2, 3, and 
4 pixels then the spacing for the grid in the across-track dimension which 
will allow us to map exactly between resolutions is 12. Similarly for the 
along-track grid spacings; the pixels averaged together for each resolution 
are 1, 2, 3, and 5. Hence, the grid spacing must be a multiple of 30. The 
grid was generated by GRID* FIN (see Appendix B) for overlaying on the 
COMTAL image. 

The COMTAL allows three different wavelength bands to be placed into 
separate image planes. These three planes can subsequently be assigned 
varying densities of red, green and blue colors, and overlaid to obtain a 
"truecolor" color composite image. This truecolor image was used, along 
with the ability of the COMTAL to magnify the image IX, 2X or 4X, to 
accurately locate and identify the test fields. An example of this is shown 
in Figure 4 which displays one block of Flight Line 1 below Camden, South 
Carolina in magnification of IX on which the Test Data Grid is overlaid. 
Flgqre 5 represents the central portion of the same scene at a 4X magnifica- 
tion. 
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Table 2. Weather Information from Camden, *'outh Carolina 


Date 

Precipitation (inches) 

Temperature (°F) 
(high) (low) 

Relative Humidity 
(Kershaw Co.) 

6/16 

0.15 




5/ 17 

0.15 




6/18 

0.55 




6/19 

none 




6/20 

none 




6/21 

none 




6/22 

none 




6/23 

trace 

92 

57 

50% 

6/24 

0.7 

90 

68 

- 

6/25 

1.37 

90 

68 

- 

6/26 

trace 

78 

66 

87% 

6/27 

none 

82 

62 

58% 

6/28 

none 

97 

66 

- 

6/29 

none 

99 

70 

- 

6/30 

none 

96 

72 

40% 

7/1 

none 

98 

64 

41% 

7/2 

none 

92 

71 
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Figure 4: A COMrAL Vision/One image of Flight-line 1-S south of 

Camden, S.C. The image is overlaid with the grid used to lo- 
cate and evaluate the test fields. 



Figure 5: A magnification of a portion of the same image as shown 

in Figure 4. Magnification to this scale was used for most of 
the interpretation and identification of test fields. 
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Identification of the cover type in the teat field* at all resolutions 
on the COMTAL was done in comparison with photo interpretation of the CIR 
photos. Identification into *'ni ious cover types followed the f onset as 
outlined in the Quarterly Progress Report of June 1, 1979 - August 31, 1979, 
except for an additional class of tupelo which was found to be both visually 
and spectrally separable. All test fields at the various resolutions were 
evaluated separately and any border test fields, i.e., pixels containing 
more than one cover type at a particular resolution, were excluded from the 
final data set. The COMTAL coordinates and the test point identifications 
were recorded for subsequent translation into MIST coordinates for each 
resolution. This work has been completed for Flight Line 1-S. Blocks in 
Flight Lines 1-N and 2-N are currently being analyzed. 

2 . Waveband Combination Evaluation 


Much of the work conducted in waveband combination evaluation for this 
project is discussed in a paper prepared for presentation at the Fall Tech- 
nical Convention of the American Society of Photogrammetry. A copy of this 
paper is included as Appendix A. Review of that article prior to reading 
the following text is suggested, as duplication is avoided wherever possible. 
However, there were several considerations and activities of the work that 
were not reported in the appended paper. The following discussions will 
focus primarily on these details of the analysis. 

The a priori estimation of th i probability of correct classification 
employing a measure of statistical difference between spectral classes relies 
heavily on: 1) the degree to which the group of class densities represent 

the distributions of spectral response vectors associated with each cover 
class (Swain, 1978) and 2) the degree to which the set of class densities is 
exhaustive of the range provided by the response vectors from the area to be 
classified (Wiersma and Landgrebe, 1979). If the class densities satisfy the 
above conditions, then statistical separability of the class densities 
should provide a fairly reliable estimate of percent correct classification. 

The actual computation of transformed divergence, as well as the vast 
majority of other "separability" measures, involves only two class densities 
for each individual computation or value. Transformed divergence is thus a 
measure deemed appropriate for a two class case of equal a_ priori probability. 
A problem arises when such a measure is to be employed to provide an estimate 
of overall percent correct classification involving a multiple of spectral 
classes of unequal a^ priori probabilities. This problem is further compounded 
by the fact that subsets of these classes represent different cover classes. JL/ 
The averaged transformed divergence is given by: 


TD 


ave 


1 " 

- . E. TD. 
n k-1 k 


( 1 ) 


for n number of spectral class pairs. 


— ^The need to provide estimates for only relative percent correct classifi- 
cations for purposes of ranking possible waveband combinations does not 
alleviate the problem. 
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However, the relative frequency of each spectral class pair Is assumed 
constant in such an approach. T v Is is rarely the case. 

An unweighted, arithmetic average of all TD-values will result in the 
separability of two infrequently occurring classes having equal Impact on 
the percent correct classification estimate, as the separability of two 
common classes. Consider the following: 


Given a probability space S, s^eS, i ■ 1, 
for each j , where k 


..., k - 1, J * i ^ 1, ..., k 
the total number of spectral classes. If each 


s is considered the simultaneous occurrence of each spectral class of 
the pair (s^ and s^), the occurrence of each being independent of the 
other, then the probability of the occurrence of the "spectral class 
pair" can be determined by: 


WCs^) - P(s i ) F(Sj); (Sjh Sj) - 0 (2) 

W(S. .) is a weight, distinct from tne probability associated with an occurrence. 
To ease the complexity of Indexing, it is assumed here that each cover 
class is represented by only one spectral class. The computations are 
easily extended into the case where the number of spectral classes in each 
cover class is greater than one. Then an unbiased estimator of averaged 
transformed divergence, corresponding more closely to probability of correct 
classification is given by: 


TD 


ave 


k-1 k 

i z w(s ) ro 
1-1 j-i+1 


( 3 ) 


These probabilities should be treated with caution, as they are directed 
merely at extending the application of statistical distance as an estimator 
of probability of correct classification from the two class case to the 
multi-class case. The above presentation also assumes the availability of 
estimates of the P(s.) ar.d P(s.). These are empirically derived using the 
relative frequency or each spectral class in each cover class and the 
relative frequency of each cover class. Computationally: 


P(s t ) - PCs^) P(C o ) a - 1, .... m (4) 

where: P(C ) is given by the total number of pixels in the training 

data in cover class a divided by the total number of pixels 
from all cover classes in the training data. 

P(s./C ) is given by the total number of pixels in the training 

data spectral class s , which is a subset of C , divided by the 

total number of pixels in cover class C ..£/ a 

a 


— As may well be apparent, the algebraic identify of these probability esti- 
mates provides a computational shortcut to the probabilities of interest. 



1 ORIGINAL PAGE JJ 

of poor ouAirrr 

While "hese frequencies are easily obtained, their use In providing 
unbiased estimations of the above probabilities Is dependent on each obser- 
vation being randomly selected. That la, the selection of each additional 
pixel in developing ..he training data is completely at random. While this 
Is rarely the case, the extent to which this assumption is violated will 
erode the '‘goodness" of each P(s..) and hence the resulting TD . This has 
been used by some researchers as^the rationale for not weighting each ob- 
served TD. . and employing the unweighted arithmetic mean In the multiclass 
case. ^ While this may well be warranted in many cases, it must be 
reconciled that weights are always employed. Where they are not computed 
and employed In the summation, they are merely assumed equal. Obviously, 


1 

n 


n 

E 

k-1 


TD. 



(5) 


The problem then becomes one of assuming some set of population 
parameters (x.,x.,x., ..., x.) where k is the number of spectral classes 
contained in the population and the x^ are the total number of pixels 
belonging to each i^h spectral class. The actual probabilities are then, 

k -1 

P(x ) « x [ E x ] (6) 

1 j-1 3 


Then, for the weighted as opposed to the unweighted case: 
k . 

E. - E |P(x ) - P(x )| (7) 

j-1 


and 


k , 

E, - £ |r - P(x.)| < 8 > 

1 j-1 


where E is the error for the weighted case and E^ 
unweighted case. 


is the error for the 


is E 1 > E 2 ? 


This is the consideration which, in spite of not being testable, must 
be resolved before proceeding with any multiclass case employing averaged 
statistical distances. 
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While an in-depth evaluation of this problf is beyond the scope of 
this study, the evaluation of waveband comblnat.^ns employing the weighted 
average was considered imperative for complete treatment of this part of the 
study. Table 3 provides a rank ordering of channel combinations for each 
waveband combination level for the weighted mean TD-values. 

The work in waveband combination evaluation prompted the development of 
several programs which were written to be compatible with LARSYS. These 
are listed in Appendix B with brief descriptions. 

Among these was a program which computed average transform divergence 
over all spectral class pairs for each cover class pair and over all spectral 
class pairs for each cover class. The tables of these results are shown in 
Appendix C, and provide insight as to the dependency of waveband combination 
rank on cover class composition of the area to be classified. Such output 
will also assist individual users of diverse interest to select those wave- 
band combinations most suited to their particular application. By .electing 
that waveband combination of maximum TD in cover classes with which they 
are concerned, the classifier can be "f inl-tuned" according to the users 
needs. The disagreement between max(TD ave ) by cover class, cover class pair, 
and overall cover classes is very common. 

Separability by cover class pairs will also provide information on 
which cover classes may require additional spectral classes in order to 
reduce their variance. It will also give an estimate of the results to be 
expected in the omission-commission error matrix. 

3. Spatial Resolution Evaluation 

The development of test statistics have been completed for the southern 
half of the easternmost flight line (Flight Line 1-S) for all resolutions 
(i.e., 15x15, 30x30, 45x45 and 60x75 meter data sets). Prior to generating 
all of the statdecks for each resolution, an evaluation of th^ spectral 
classes for the 30 meter data was conducted by classifying the training 
fields. 

As indicated in the paper included as Appendix A, statistics for each 
class density were provided by a supervised cluster approach. The line- 
column coordinates of supervised samples of each cover class were identified 
from the COHTAL Vision 0ne/20. These coordinates were translated into MIST 
coordinates and a LARS-12 card deck w’.s generated by CAGEN2 FORTRAN (see 
Appendix B) . These were then sorted by cover class and separate cluster 
analyses were run for each cover class. The individual statistics decks 
were merged, providing 32 spectral classes for 12 cover classes. Table 4 
contains the resulting class parameters by spectral class, by cover class. 

Separability indicated that these class densities were on the average, 
very separable and that acceptable classification accuracies could be expected. 
However, in order for class densities to provide high classification accuracies 
the classes must be: 

1) representative of the distribution of observations of the same 
class, 

2) separable or distinguishable among all other classes, 

3) exhaustive of the sample space from which observations are drawn. 
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Table 3. Rank Ordering of Best Seven Channel Combinations for each 

Channel Combination level (ordering criterion is Average Trans- 
formed Divergence over all spectral class pairs) . 


12 3 4 

6 3,4 3,4,5 1,3, 4, 5 

3 3,5 3,4,6 3,4, 5, 6 

4 2,4 3,5,6 1,3, 4, 6 

5 4,6 2,4,5 2, 3, 4, 6 

1 3,6 1,3,4 2, 3, 4, 5 

2 2,5 2,4,6 2, 3, 5, 6 

7 5,6 2,5,6 2, 4, 5,6 


Note: Channel 1 = 0.45 

Channel 2 = 0.52 
Channel 3 = 0.63 
Channel 4 = 0.76 
Channel 5 * 1.00 
Channel 6 » J . 55 
Channel 7 - 10.4 


5 i 

1.2. 3. 5.6 1,2, 3, 4, 5, 6 

1.2. 3.4.6 1,2, 3, 5, 6, 7 

1.2. 3.4. 5 1,2, 3, 4, 6, 7 

1 . 3 . 4 . 5. 6 1 , 2 , 3 , 4 , 5, 7 

2. 3.4. 5.6 1,2, 4, 5, 6, 7 

1 . 2 . 4 . 5. 7 2. 3 , 4 , 5 , 6, 7 

1,2, 4, 5, 6 1,3, 4, 5, 6, 7 


- 0.52 pm 

- 0.60 pm 

- 0.69 pm 

- 0.90 pm 

- 1.30 pm 

- 1.75 pm 

- 12.5 pm 
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Tabic 4 . Sunnary of Statdcck Containinc 32 Spectral Classes.* 



1 

2 

3 

4 

5 

6 

l 

S0TL1 

154.87 

?43.34 

177.1-4 
6 35,93 

1 49.70 
705.00 

181.14 

320.66 

188.11 

308.40 

1 69.22 
513.50 

143.31 

787.91 

S0TL2 

123.42 

38.26 

125.67 
194. -.2 

1 ?8 . 85 
241.09 

135.62 

223.42 

144.49 

158.03 

144.83 

156.41 

139.44 

1162.87 

S0TL3 

111.10 

105.36 

9 5 . '• 3 
235 . Tc 

92.9 0 
318.18 

99.?9 

361.95 

109.41 

331.33 

106.21 

396.72 

135.06 

734.38 

PAST 1 

0 3.34 
?*♦ . 38 

74,46 

41.56 

62.05 

92.6 9 

113.41 

259.57 

122.58 

137.63 

91.51 

90.66 

137.99 

432.61 

Pact? 

37.89 

22.39 

65.2 4 
39.95 

44.09 

84.31 

155.37 

140.19 

135.89 

93.50 

69.69 

68.35 

86.19 

74.75 

PAST3 

85.36 

20.05 

61.38 

27.60 

42.37 
4 0.48 

119.42 

258,44 

106.93 

140.35 

57 . 06 
57.77 

30.27 

122.54 

PAST4 

96.11 

9,05 

72.86 

22.52 

57.77 

21.37 

33.39 

103.32 

31.09 

112.83 

22.06 

77.18 

45.94 

322.49 

CRCP1 

117.65 

42.54 

111.12 

130.56 

100.67 

309.76 

172.25 

203.03 

161.50 

140.88 

115. 8S 
229.87 

103.02 

221.09 

CROP? 

100.77 

5.30 

76.21 

16.7b 

52.34 

22.41 

210.17 

176.97 

160.62 

39.00 

6e. 76 
40.72 

a?. 34 

*♦0.46 

CR^P3 

99.8? 

37.79 

62.30 

37.65 

71.21 

70.73 

118.67 

115.25 

117.97 

119.15 

9 1 • 6 0 
203. 4u 

137.56 

263.31 

CR'>P4 

96.. 18 
5.16 

76.34 

30.63 

5 4.4c 
4C. 41 

150.2? 

199.69 

127.02 

141.36 

64.7b 
7 0.29 

97.05 
194. 3? 

PI^El 

92.26 

3.11 

69.7c 

6.3c 

54.0 c 
13.43 

1 13.46 
31.46 

115.17 
65. 40 

71.96 

50.93 

116.23 

238.47 

PT ’IF 2 

94.75 

15.59 

67. 9C 
3.73 

-9.67 

5.99 

113.79 

104.39 

112.27 

53.46 

59.60 

*0.22 

83. 64 
73.18 

PIH01 

91.69 

14.58 

69.46 

8.39 

55.44 

11.36 

109.79 
64. C6 

110.61 

46.92 

7 0.28 

2b . 83 

127.44 

379.36 

P I W P2 

94.31 

6.04 

65.7* 

7.61 

46.95 

7.09 

112. b3 
119.94 

105.95 
85 . 44 

c3 • 95 
49.96 

34.25 

54.55 

HD.-JD1 

3** .36 
9.13 

31 .6 3 
1 9 . C c 

42.03 

14.2c 

140.62 

223.84 

125.34 

171.32 

63.5o 
c7. 39 

84.96 

96.86 

wC *02 

91.7B 

24.90 

70.90 

47.12 

59.56 

121.63 

99.01 

ol0.36 

101.23 

911.00 

76.1c 
o79 . r>6 

125.33 

909.75 

SGH01 

91.4? 

7.13 

67.31 

9.40 

4 -.23 
5.97 

) 75.67 
55. 54 

i.50.73 

38.43 

71.57 

29.82 

34,74 

55.63 

SC- HO 2 

86.10 

32.01 

61.11 

20.54 

4 0.44 
6.0 3 

155.1? 

54.63 

133.78 

29.75 

63.66 
17. 06 

81.06 
8 0.84 

SOHD3 

91.6? 

13.22 

64. 6*4 
9.93 

41.91 

6.45 

131.6? 

126.96 

112.29 

92.79 

56.0c 

16.65 

6°. 86 
34.31 

TU°E1 

34.63 

4.51 

61.26 

12.07 

■*1.99 

15.19 

1 34.63 
366.69 

119.80 

253.77 

60.42 

69.31 

8,0.56 

146.03 

TU°E? 

73.38 

3.70 

5<i. lc 
15.31 

?b . 94 

?3.«5 

44.15 

168.05 

45.85 

388.93 

35.99 

304.10 

112.04 

809.13 

SYCA1 

37.53 

2.98 

65.20 
4 . o4 

50.40 

13.40 

123.40 

368.97 

124.13 

204.27 

82.37 

11.41 

116.73 

105.64 

SYCA2 

34.40 

2.15 

60.05 

4.58 

39.70 

7.80 

130.50 

294.47 

115.20 

167.96 

56 . 95 
28.55 

Q 0 . 05 
35.34 
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Table 4 . Summary of Statdeck Containing 32 Spectral Classes (cont'd.)* 



1 

2 

3 

CCUT1 

99 .76 

ft?. 77 

9 3.39 

47.59 

106. db 

? 9 6 . 9 5 

CC'JT? 

84.79 

63.53 

44,63 

17.53 

36.bv 

43.63 

f'VFGl 

10?. 64 

79.12 

65.10 

?2. 73 

73.10 

1 74.96 

M VF 32 

100.76 

76.93 

62.6 7 

8.90 

20.02 

14.66 

TUVA 1 

17?. 62 

195. o2 

139.19 


117.95 

279.U 

79.4? 

VEGE1 

1 ?t> , 0 9 

114.fi* 

88 . ?4 


16?. 90 

50?. 6b 

32b.?'' 

VFWA1 

107.63 

32.53 

65,06 


19.90 

3 6 • t> 5 

27 . 39 

V' A T 3 1 

107. ns 

79. *1 

52.51 


43.52 

123.32 

31.1* 


4 

5 

6 

7 

91.37 

102.79 

102.02 

136.91 

354.24 

297.92 

423.73 

167.45 

141.22 

126.27 

69.31 

93.55 

238.64 

127.66 

B1 .24 

197.94 

l lo. on 

123.25 

< 19.91 

123.56 

55.34 

51.46 

102.11 

204.00 

123.7? 

112.42 

64.49 

flO • 1 6 

173,99 

118.27 

66.70 

113.35 

55.29 

37.92 

27.0? 

76.4? 

94.49 

120.65 

95 . 0 7 

28.94 

104.Q6 

95.93 

63.05 

90.47 

242.38 

392.74 

204. ?b 

115.30 

61.83 

57.93 

42.91 

88.04 

119.91 

111.52 

59.06 

29.35 

39.08 

33.06 

24.97 

71.62 

13.04 

17.75 

1 *♦ . 22 

143.33 


*Within each spectral class, the upper element is the mean and the lower is the 
variance. 


Channel Number 

1 

2 

3 

4 

5 

6 
7 


Band 

0.45 - 0.52 pm 
0.52 - 0.60 pm 
0.63 - 0.69 pm 
0. 76 - 0. 90 pm 

1.00 - 1.30 pm 

1.55 - 1.75 pm 
10.4 - 12.50 pm 


17 


The degree to which Condition 2 is met is indicated by TD or 
♦SEPARABILITY. Condition 1 and 3 are truly only evaluated at §Ke time of 
classification. However, Condition 1 can be partially evaluated by classi- 
fying the pixels contained in the training fields. While this "test" is 
only sensitive to the location of class densities in the q-variate hyper- 
space relative to the individual response levels, it is a very good means 
of testing whether these class densities correspond to "regions" of concen- 
tration as they exist in the data. This idea is confirmed by the change in 
spectral class variance for a cover class with respect to changes in the 
number of spectral classes. 

The training fields were classified using a per-point Gaussian Maximum 
Likelihood (GML) classifier (a priori probabilities were assumed equal). 

The training classes were the 32 spectral classes presented in Table 4. The 
classification result using all seven channels (channel calibration code 7) 
is provided in Table 5. Overall classification was only 47. 4%. Although 
these cover classes are fairly specific in nature, the reasons for the 
resulting accuracy level were Investigated. Examining the error matrix 
indicates extremely low classification accuracies for pasture, hardwood, 
tupelo, sycamore, and clearcut. The number of spectral classes representing 
each of these categories are 3, 2, 2, 2, and 2 respectively. By increasing the 
number of spectral classes (re-clustering with a greater number of cluster 
classes specified) to a total of 37 classes, an overall performance of 
89.4% (see Table 7) was attained. By comparing Table 4 and Table 6, the 
reason for improvement of this magnitude becomes apparent. The smallest 
reduction of variance for hardwood was a factor of 3.2 for Channel 1. The 
largest reduction in variance was a factor of 25 for Channel 6. Reductions in 
variance of this order indicate that the location of the cluster centers in 
the q-variate hyperspace deviated substantially from the actual "regions" of 
concentration in the data. The cluster centers were assumed to be located 
somewhere between such regions. A reduction in variance of similar magnitude 
occurred for tupelo. Smaller reductions occurred in pasture and clearcut. 

This is probably due to the highly variable states of nature found in con- 
junction with each of these latter cover classes, resulting in a ok re general 
spread in the distributions, with less pronounced concentrations in the data. 
When working with q-variate hyperspace, univariate histograms and bivariate 
scatterplots are not optimal but are essentially the only tools available to 
obtain some insight regarding the data distributions. Much attention was 
given to training statistics development since the concern in the later 
analyses will be with differences in classification accuracies achieved with 
different resolutions. 

The persistently low classification accuracy for sycamore is due to: 

1) extremely high similarity to second growth hardwoods and 2) the avail- 
ability of a very small number of training pixels. This class has therefore 
been merged with second growth hardwood. 

Training statistics for each of the spatial resolutions are currently 
being developed for the spatial resolution evaluation. It is anticipated 
that results for this part of the study will be available for the next report. 


Table 5. Classification Performance Evaluation from Classification of Training Data with 32 Class 
Training Statistics. 
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Table 6 . Summary of Staedeck Containing 37 Spectral Classes.* 


1 


?° T ti 

154.67 

243,34 

sr^i? 

1 28.42 
63.25 

S0IL3 

111.10 

105.66 

°£ ST 1 

1 07.4* 
9.79 

Pt8T? 

104.65 
4 . 76 

P4ST3 

104.30 

19.73 

PCPT4 

99.52 

3.07 

P*0T5 

97,60 

5.56 

CP0P1 

117.65 

42.54 

CPbPb 

10 0.77 

5. «C 

c»op3 

99.3 2 
37.79 

CR0P4 

96.08 
b . 1 6 

P1VE1 

92.26 

3.11 

PI*'E2 

94.75 

1 5.59 

P I wn 1 

91.69 

14.55 

PI^PP 

94.31 

6.04 

hD'-iD 1 

92.1? 
2.4 8 

Hr .'02 

91.45 

4,73 

HD‘-T>3 

34.52 

3.75 

5PHD1 

91.43 

7.13 

S6HD2 

86,10 

32.01 

S°Hr>3 

91.5? 

13.22 

TyPEl 

95.44 

7.5’ 

TU°E? 

95.67 

7.47 


2 3 


177.14 

1 lj 9 . 7 ! 

6 35 . 45 

70S. 00 

125.67 

I?*. 0 -’ 

184.42 

240.08 

95. *3 

92.ro 

236.72 

306.1 9 

9 3.ob 

8 1.10 

?4 . 3C» 

74.74 

36. 9d 

6 2 ■ 4 6 

9.44 

17.70 

35.04 

69.42 

22.34 

52.93 

3 0.96 

58.77 

13.66 

17.95 

73.76 

51.20 

7.60 

7.15 

111.12 

100.67 

130.55 

303.76 

76.21 

52.74 

16.76 

22.41 

32.30 

71.21 

37.05 

10,1a 

76.64 

68.46 

30.63 

45.40 

69.7b 

54 . 05 

6.35 

13.4n 

67.90 

48.67 

8.73 

5.99 

63.4b 

55.44 

8.38 

11.66 

65.79 

46.93 

7.41 

7.09 

86.21 

43.92 

4.29 

2.44 

66.07 

4 3,54 

11.26 

5.93 

58.21 

38.78 

7.59 

5.R9 

67.31 

44.23 

9.40 

5.47 

61.11 

49.44 

28.54 

6,03 

64.6h 

■♦l.oi 

°.93 

b , 4-i 

8 8.53 

6 1.29 

12.71 

3.44 

BO. 57 

51.68 

12.79 

4,47 


4 

5 

131.14 

188.11 

120.66 

306.40 

135.6? 

144.49 

223.4? 

158.03 

99.29 

109.41 

J61 .95 

331.33 

14R.14 

162.16 

161.7? 

87.59 

135.47 

176,23 

116.87 

34.90 

141.63 

148.91 

16?. 0° 

°7 . 33 

171.7? 

154.58 

: j 2?.3? 

59.76 

165.0° 

135.90 

46.?? 

30.41 

17?.?5 

161.50 

203.03 

140.88 

P10. 17 

160.62 

176.97 

34.00 

118.67 

117.97 

115*25 

116,15 

150.22 

127.02 

199.8° 

141.36 

113.46 

115.17 

91.46 

65.40 

118.79 

112.27 

1 04.89 

83.45 

1 09.79 

110.61 

54 . 06 

46.9? 

112.63 

1 05 .95 

119.94 

■35.44 

161.91 

138.32 

34.26 

20.72 

146.15 

127.10 

30.91 

16.15 

124.69 

105.22 

36.31 

5-. 82 

175.67 

150.73 

55.54 

38.43 

155.12 

133.78 

5*+ ,6? 

29.75 

i 31 .63 

112.29 

126.96 

92.78 

183.49 

155.69 

66.36 

30.61 

1 64 .41 

141,59 

45.11 

36.50 


6 

l 

169.22 

14?. 31 

513.50 

767.91 

144.83 

1 39,44 

156.41 

1162.67 

106.21 

135.0b 

39b. 72 

734.38 

131.79 

197.06 

6 3.29 

283.63 

U'2.7 7 

145.38 

51.15 

138.17 

1 C t . 7 0 

154.41 

c 8 . ?a 

196.43 

84.27 

115.33 

3b. 41 

50.16 

63.37 

97.51 

25.35 

55.28 

1 19 . b a 

103.02 

229.87 

221.09 

00.76 

82.34 

40.72 

40.46 

41.60 

137.56 

?03.40 

268.31 

64.7b 

97.05 

70.24 

194.62 

1 1 . 8 o 

1 16.23 

50 • 9 j 

208.47 

59.60 

83.64 

4 0.22 

73.18 

7 j . ? a 

127.44 

<:8.b3 

379.38 

53.35 

84.25 

29.9b 

54 . 55 

b5.29 

76.90 

15.45 

30.02 

61.97 

77.05 

19.43 

43.73 

52.32 

72.9? 

10.90 

19.29 

71.57 

34.74 

29.82 

55.03 

63.6b 

01.00 

17.0o 

60.64 

56.05 

66.85 

16.65 

34.31 

77. ?b 

8 0.27 

10.74 

97.30 

74.01 

81.96 

1 2 . 20 

37.88 
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Table 6 . Summary of Statdeck Containing 37 Spectral Classes (cont'd.). 



1 

2 

3 

TUPF3 

a?. 83 

l?.nl 

46.51 


3.41 

’.40 

0.39 

SYCA1 

57.53 

66.20 

50.40 


2.38 

4.89 

13.40 

SYC*2 

•5 4 . 4 0 

*0.05 

’9.70 


2.15 

4.56 

7.8-0 

CCUT1 

101.66 

33.29 

73.24 


34.03 

50 . 1 o 

145.27 

CCUT2 

9o • 36 

76.45 

<"4.94 


17.11 

35.73 

117.13 

CCUT3 

91.66 

70.97 

50.25 


7.20 

11.70 

19.19 

CCUT4 

91.17 

66. B6 

52.46 


19.28 

26.99 

75.15 

mvFGI 

102.64 

79.12 

65.10 


22.73 

73.10 

174.56 

MVEG2 

10 0.76 

76.63 

52.67 


8.90 

20. u2 

1-r. 66 

TU'a'A 1 

172.62 

195.62 

139.18 


107.95 

279.1b 

79.4? 

VFGE1 

126.0® 

1 14.64 

88.24 


162.8 0 

502 .66 

386.20 

VFWM 

107.63 

■32.53 

55.08 


19.90 

36 . cd 

27.39 

WATPl 

107.03 

76.41 

62.51 


43.52 

123.32 

31.10 


4 

5 

6 

1 _ 

124.39 

109.04 

60.90 

79.67 

11.67 

6.59 

1 .So 

22,23 

123.40 

124.13 

62.37 

116.73 

366.97 

234.27 

11.41 

1 05.54 

1 30.60 

1 15.20 

5b. 95 

30.06 

294.47 

167.96 

26 • 6 b 

35.84 

121.39 

135.02 

lie. 71 

189.76 

163.30 

73.32 

123.54 

463.75 

107.61 

114.36 

91.23 

137.68 

191.67 

140.05 

98.6o 

199.27 

142.64 

131.36 

77.76 

100.86 

276.84 

110.55 

44.09 

132.54 

33.56 

8 3.20 

62.04 

93.73 

330.60 

325.53 

164.53 

300.15 

110.00 

123.25 

69.91 

123.56 

53.84 

51 .46 

102.11 

204.00 

123.7? 

112.42 

64.49 

80.16 

173.99 

118.27 

06 . 70 

113.38 

55.29 

37.92 

27.02 

76.4? 

94.48 

120.65 

95.0 7 

28.94 

104.06 

95.88 

63.05 

90.47 

242.38 

392.74 

20 f .26 

115.30 

61.63 

57.93 

42.91 

99.04 

119.81 

111.52 

69.06 

29.35 

39.08 

33.06 

24.97 

71.62 

13.04 

17.75 

14.22 

143.33 


*Within each spectral class, the upper element Is the mean and the lower is the 
variance. 


Channel Number Band 

1 0.45 - 0.52 

2 0.52 - 0.60 

3 0.63 - 0.69 

4 0.76 - 0.90 

5 1.00 - 1.30 

6 1.55 - 1.75 

7 10.4 - 12.50 



Table 7. Classification Performance Evaluation from Classification of Training Data with 37 Class 
Training Statistics. 
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Overall Classification Accuracy (15335/17153) - 89. 4% 
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II. PROBLEMS ENCOUNTERED 

No problems of significance were encountered during the past quarter. 
Some difficulties were encountered in following the methodology inltislly 
established for identification of the cover type in the defined test pixel, 
thereby causing some delny in the analysis of the 3 979 IMS data. However, 
these problems have been resolved, and the modified methodology currently 
being used is much faster and should produce test data sets having a higher 
degree of reliability among the different analysts involved. 


III. PERSONNEL STATUS 


The following personnel committed the respective percentages of time 
to the project during the past quarter: 

Ave. Monthly 

Name 

Position 

Effort (Z) 

Bartolucci, Luis 

Professional Research Analyst 

10 

Dean, Ellen 

Research Associate 

100 

Frazee, Michael 

Research Assistant 

50 

Hoffer, Roger 

Principal Investigator 

80 

Knowlton, Douglap 

Research Associate 

50 

Latty, Rick 

Research Associate 

100 

Peterson, John 

Associate Director 

5 

Prather, Brenda 

Secretary 

50 

Stiles, Stephanie 

Secretary 

3 


IV. ANTICIPATED ACCOMPLISHMENTS 

The following are the anticipated accomplishments of the forthcoming 
quarter (September 1, 1980 - November 30, 1980): 

1) Digitization of the SAR data for Flight Line #1, HH and HV 
polarizations. 

2) Completion of the definition of the test data sets for Study Site 
1-N and 2-N. 

3) Continuation of the analysis of the four different spatial resolu 
tions of the 1979 data. 

4) Continuation of the analysis of the spectral characteristics of 
the 1979 TMS data. 

5) Receipt of the 1980 TMS data and initiation of the reformatting 
and rectification procedures. 



6) Prepare the 18-month report required by this contract. 

7) Definition of the Statement-of-Work to be followed during F.Y. *81 
and renegotiation of the contract for F.Y. '81. 

No major technical problens are anticipated during the forthcoming 
quarter. Due to (a) an announced plan to significantly decrease the level 
of funding on this contract during F.Y. '81, and (b) the delays in obtaining, 
and characteristics of the TMS and SAR data obtained in support of this 
project, it is anticipated that the objectives initially proposed will need 
to be modified. Those modifications will be reflected in the Statement-of- 
Work which will be developed during this next quarter. 
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APPENDIX A 


Paper entitled "Waveband Evaluation of Proposed 
Thematic Mapper in Forest Cover Classification," by 
R. S. Latty and R. M. Hoffer, to be presented at the 
1980 Fall Technical Convention of the American 
Society of Photogramnetry, to be held in Niagara Falls, 
New York. 
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WAVEBAND EVALUATION OF PROPOSED THEMATIC MAPPER 
IN FOREST COVER CLASSIFICATION 

Richard S. Latty and Roger M. Hoffer 
Purdue University 
West Lafayette, Indiana 479 . 


ABSTRACT 

This study involved the evaluation of the characteristics of 
multispectral scanner data relative to forest cover type 
mapping, using NASA's NS-001 multispectral scanner to simu- 
late the preposed Thematic Mapper (TM). The objectives were 
to determine: (1) the optimum number of wavebands to 

utilize in computer classifications of TM data; (2) wnich 
channel combinations provide the highest expected classifi- 
cation accuracy; and (3) the relative merit of each cnannel 
in the context of the cover classes examined. Transformed 
divergence was used as a measure of statistical distance 
between spectral class densities associated with each of 
twelve cover classes. The maximum overall mean pair-wise 
transformed divergence was used as the basis for evaluating 
all possible waveband combinations available for use in 
computer-assisted forest cover classifications. 


INTRODUCTION 

Early work in leaf spectra analysis (Billings and Morris, 
1951; Gates and Tantraporn, 1952; Gates, et al . , 1965; 
Gausman, et al., 1969; Knipling, 1970; Wooley, 1971; 

Gausman, 1977) provided much of the initial understanding 
of the variations in the amount of radiant energy returned 
from vegetated surfaces. Colwell (1974) identified the 
value of hemispheric leaf reflectance as only one of several 
important parameters responsible for these variations, and 
cautioned against making inferences about scene reflectance 
from leaf spectra information alone. Plant canopy modeling 
efforts (Idso and De Wit, 1970; Nilson, 1971; Oliver and 
Smith, 1972; S’.its, 1972 ; Colwell, 1973) have identified 
many of the parameters which account for variations in the 
amc "t of radiant energy returned from the scene. The 
sel ction of waveband combinations which will provide 
act rate classification of the various earth surface 
feai res requires an understanding of the reflective char- 
acteristics of those features relative to the various wave- 
bands available. Properties of the data consequential to 
classification accuracy are not dependent solely on earth 
surface, atmospheric, and illumination conditions. They are 
also very dependent on the parameters of the sensor system 
to fce employed (Silva, 1978). Therefore, the need exists to 
investigate these reflective properties employing data more 
closely simulating the data which will ultimately be employed 
for such classifications. 

With parametric classifiers, the resulting classification 
accuracy is dependent on (1) the degree to which the 
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training classes (l.e., spectral classes) represent the 
spectral variability of their respective cover classes, and 
(2) the level of statistical "separability* among the train- 
ing classes (Swain, 1978). The first condition is difficult 
If not impossible to assess without conducting the actual 
classification - the expense of which precludes evaluating 
many different waveband combinations. One can justifiably 
assume that the first condition is satisfied if the points 
providing the data for establishing the training classes are 
randomly generated, and are "sufficient" in number for each 
class relative to the number of wavebands employed. The 
number of samples statistically sufficient for the develop- 
ment of training classes increases exponentially with an 
increase in the number of channels employed in classifica- 
tion (Ouda and Hart; 1973). Duda and Hart (1973) pointed 
out that, "beyond a certain pcint, the inclusion of addi- 
tional features leads to worse rather than better perform- 
ance." They provide an excellent review of the problem. 

This problem has also been examined by Allais (1966), 

Dynkin (1961), Fukunaga and Kessell (1971), Kanal and 
Chandrasekaran (1971) and others. The level of statistical 
"separability" can be computed from the mean vectors and 
covariance matrices associated with each of the training 
classes employing one of several statistical distance 
measures (Kailath, 1967; Swain, Robertson and Wacker, 1971; 
Hacker and Landgrebe, 1972; King and Swain, 1973). 

METHODS AND ANALYSIS 

Data Acquisition 

Th»» data were obtained on May 2, 1979 from the NASA NC-130 
a.'rcraft flying at an altitude of 20,000 ft. (MGD) over an 
ar»a immediately south of Camden, South Carolina. The 
mu itispectral scanner (MSS) data were obtained by the NASA 
NS-00! mul ti spectral scanner. (Table 1 shows the NS-001 
scanner specifications as compared to the Thematic Mapper). 
Color and color infrared photographs (1:40,000 scale trans- 
parencies) were obtained at the same time. Cloud coverage 
was minimal and atmospheric conditions were considered 
excellent. 

Da ta Handling and Preprocessing 

TRe across track change in scale of the imagery was ade- 
quately reduced by employing a geometric model which 
describes the ground resolution element dimensions as a 
function of aircraft altitude, IF0V (instantaneous field- 
of-view) of the scanner, and change- in scan angle correspond- 
ing to the analog signal integration interval. 

A study of the data quality revealed an apparent correlation 
between scan angle and response level (different for each 
channel). The relationships appeared to be sufficiently 
high to obscure sources of variation otherwise correlated 
with differences between cover classes. Therefore, an 
empirically derived function was generated which described 
the variation in response level by column (corresponding- 
with scan angle). Data were employed from areas where no 
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apparent stratification of cover class by column was 
present.* * The shape of these functions were evaluated 
against both empirical (Anuta and Strahorn, 1973; landgrebe, 
Beihl, and Simmons, 1977) and theoretical work (Kondratyev, 
1969; Jurica and Hurray, 1973) prior to actual response 
level adjustment. The final data product was considered 
appropriate for the analysis. 

Table 1. Comparison of the NASA NS-001 mul tispectral scanner 
and the proposed Thematic Mapper (TH). 
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* l *Dsta was obtained tram salemonson. 1911. 

* Channel 7 I2.0S-2.JS .o| was not operational at the tine of the mission; all subsequent 
references to 'channel 7* refer to the I*. 4-12. S .e waveband. 


Development of Spectral Classes 

A COMTAL Vision One/20, displaying a composite of channels 
3, 4, and 5, in conjunction with the aerial photography, was 
employed to ascribe cover class labels and ground condition 
descriptions to line-column coordinates in the imagery in a 
supervised fashion. This approach was considered more 
appropriate than the unsupervised clustering approach, since 
cover classes could be defined more nearly independent of 
their spectral characteristics in the wavebands to be evalu- 
ated. The method used to develop training classes was of 
particular concern since the affect of different within-class 
variances for each channel by cover class on cluster class 
composition is not currently well understood (Bartolucci, 
1978; Anuta, 1979). Once the training fields had been 
identified, they were grouped according to cover class. The 
cover class groups of training fields were then individually 
clustered to resolve the cover classes into a set of spectral 
classes. This provided training class statistics correspond- 
ing to a set of spectral classes associated with each cover 
class. Clustering at this stage provided a means of 

*The. function was generated using data obtained outside of 

the area from which the data for this analysis was obtained. 
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establishing the spectral classes on the basis of spectral 
variability within each cover class, but did not completely 
avoid the problem mentioned above. Failure to provide train- 
ing statistics representing the spectral variability wi thin 
each cover class was considered more deleterious to tfie 
objective of the study than clustering to obtain those 
classes. 


Data Analysis 

the mean vector and covariance matrix computed for each of 
the spectral classes define the individual statistical 
density associated with each respective spectral class. A 
measure of statistical distance between all pair-wise com- 
binations of the spectral classes provides information on 
the "separability" of these spectral classes. This 
■separability" represents an a priori estimate of the 
probability of correct classification (Swain, Robertson, and 
Hacker, 1971) for measurements provided by each channel or 
channel combination. Only pairs of spectral classes belong- 
ing to different cover classes are of interest, since low 
separability between different spectral classes of the same 
cover class does not affect classification accuracy. 


Transformed divergence was used to compute the separability. 
Divergence is defined as: 

D s /[Pj (x) - p 2 (x)] in p *( x ) - dx (1) 


where: p. ( x) = statistical density of 

1 spectral class 1 

p 2 (x) = statistical density of 
c spectral class 2 

or computationally, for the Gausian multivariate case: 

D = | tr ((Ej - IgMlj 1 - E^ 1 )] + J tr [(Ej 1 + Eg'Hmj - m 2 ) 

(mj - m 2 ) T ] (2) 

where: £ is the covariance matrix and m 

is the mean vector associated with 
the respective spectral class, and 

tr (trace) is the sum of the 
diagonal elements. 


Since divergence increases without bound as the statistical 
distance between the two classes increases, a saturation 
transform is employed, resulting in a measure (i.e., trans- 
formed divergence) which corresponds more closely with per- 
cent correct classification (see Figure 1). After a certain 
level of statistical difference has been attained, virtually 
no confusion exists between the two class densities, and 
percent correct classification "saturates" toward 100%. The 
resulting transformed divergence is provided by: 

TD = 2000 [1 - exp( -0/8)] 


(3) 
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There are some disadvantages to the use of transformed 
divergence as a measure of statistical difference between 
class densities*, but because of relative computational 
efficiency it is used in lieu of the alternative measures. 

Figure 1. Probability of correct classification regressed 
against transformed divergence. (Swain et ®1.» 
1971) 
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Transformed Divergence 


Transformed divergence (TO) values were computed for each 
pair of spectral classes representing different cove £ 
classes, for each channel and channel combination. These 
mean pair-wise TD-values were then sorted for each set of 

combinations involving the same number of channels. The 

seven channel combinations providing the highest mean pair 
wise TD-values were obtained. Additional programs were 
written to generate summaries of the mean TD-values for each 
pair of cover classes (i.e., over all spectral classes 
representing the cover class pair) and each cover class 

Mt should be pointed out "that trans forme" d divergence is not 
"metric" in multivariate normal distribution 
non-equivalent covariance matrices (Landgrebe and Wacker, 
1972). That is, a pair of class densities having non- 
equivalent covariance matricies yet having equal mean 
vectors could have a transformed divergence value of zero. 
Also, there is no estimate for a lower confidence limit f ° r 
the regression relation between transformed divergence and 
percent correct classification (Swain, Robertson, and 
Wacker: 1971). 
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(I.e., over all cover class pairs Involving the jth cover 
class; j ■ 1,...,12) for these seven channel combinations. 

RESULTS AND DISCUSSION 

To define the optimum number of channels to use in a class- 
ification, the relationship between cost of misclasslf ication 
and the probability of error must be determined. Otherwise 
there is no meaningful way to compare classification cost to 
classification accuracy. It can be observed from Figure 2 
that the increase in transformed divergence (the correlate 
to probability of correct classification) drops off sharply 
after three channels, and very little is gained by using 
more than four channels. This result is similar to those 
obtained previously with the Michigan M-7, 12-channel 
scanner (Coggeshall and Hoffer, 1973), and the skylab 
13-channel S-192 scanner (Hoffer et al . , 1975). The shape 
of the relationship shown in Fig. 2 indicates that trans- 
formed divergence increases logarithmically as the combina- 
tion level increases linearly*. The spread of the points 
representing the five highest ranked channel combinations 
for each combination level represents the difference between 

Figure 2. Averaged transformed divergence for the best five 
waveband combinations for each combination level. 
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*To ‘simpl 1 fy t he following discussions, "combi nation level " 
will refer to the number of channels involved in any partic- 
ular set of channel combinations. 
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successively ranked averaged transformed divergence. As 
seen In Fig. 2, the mean difference between successively 
ranked mean separabilities decreases logarithmically as the 
combination level Increases linearly. This Implies that the 
rank of overall mean separability as a feature selection 
criterion decreases in value as the number of features 
comprising the selected feature subset increases. 

The best combined sources of information for distinguishing 
between various cover classes need not have as a subset the 
best single source of information. This is indicated In 
Table 2, which shows, for example, that the single channel 
having the highest mean TD-value (i.e., channel 6) is not 
Included In the 2, 3, and 4 channel combination levels 
having the highest mean TD-values. By comparing Table 2 
with Table 3, it can be observed that the best channel or 
channel combination for each combination level, on the basis 
of mean overall separability, is not necessarily superior on 
a per cover class basis. 


Table 2. 


Channel combinations, ranked by overall mean TD- 
value for combination levels one through six. 


COMBINATION LEVEL 

1 2 3 4 S 


S 3,4 3,4,5 

3 3,5 3,4,6 

1 2,4 3,5,6 

5 2,5 2,4,5 

2 3,6 2,4,6 

4 4,6 2,5,6 

7 1,4 1,3,4 


1.3. 4. 5 1.3, 4, 5,6 

3 . 4 . 5. 6 2 , 3 , 4 , 5, 6 

1.3.4. 6 1,2, 3,4,5 

3. 4. 5. 7 1,3, 4, 5. 7 

2. 4. 5. 7 3. 4, 5,6,7 

2. 3. 4. 6 2. 4. 5,6, 7 

1.3. 5. 6 1,2, 3, 5,6 


6 

1.2. 3. 4. 5.6 

2. 3. 4. 5.6.7 
1,3, 4, 5- 6,7 

1 . 2 . 3 . 4 . 6. 7 

1 . 2 . 4 . 5 . 6. 7 

1.2. 3. 4. 5.7 

1 . 2 . 3 . 4 . 6. 7 


Table 3. Best channels and channel combinations by TD- 
value for each cover class. TD-value Is in 
parentheses. 


COMBINATION LEVEL 



1 

2 

3 

4 

soil 

3(1820) 

24(1941) 

256(1987) 

1346*2346*1356(1992) 

past 

6(1476) 

35(1878) 

345(1971) 

3457(1987) 

crop 

3(1390) 

34 (1836) 

345(1971) 

1345(1991) 

pin* 

2(1435) 

34(1780) 

346(1912) 

3456(1960) 

pihd 

2(1580) 

36(1883) 

356(1982) 

3456(1997) 

bdwd 

3(1681) 

34(1881) 

134 (19*33) 

2346(1952) 

sghd 

3(1691) 

35(1933) 

346(1960) 

1345*1346*2346(19721 

tup* 

6(1658) 

34(1896) 

245* 345 (1979) 

2457(1992) 

syca 

5(1753) 

35(1979) 

345(1994) 

1345*1346,1356(1999) 

ccut 

6(1329) 

46(1707) 

356(1889) 

3456(1947) 

mveg 

4(1270) 

14(1739) 

134(1941) 

1345(1990) 

watr 

5(1853) 

25(1988) 

246*256 (1999) 

1345*1346*1356(2000) 


SOIL, bare soil; PAST, pasture; CROP, row and cereal crops; 
PINE, pine forest; PIHD, pine-hardwood mix; HDWD, old age 
hardwood; SGHD, second growth hardwood; TUPE, water tupelo; 
SYCA, sycamore hardwood; CCUT, clearcut areas; MVEG, marsh 
vegetation; WATR, river water and quarry water. 
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Examination of the transformed divergence averaged for each 
cover class pair Indicated that the proper selection of a 
single channel may provide greater separability between two 
cover classes than a combination of two or three channels. 
More specifically, the channel combination with the highest 
mean separability for a particular combination level does 
not necessarily provide a greater separability for all cover 
class pairs than channel combinations of a lower combination 
level, when the combination of the lower level Is not a 
subset of the combination of the higher level. Examples of 
this relationship are: soil vs. water has a mean TD-value 

of 1942 In channel 6 and a mean TD-value of 1824 in channel 
combination 3,4; PIHD vs. CCUT has a mean TD-value of 1835 
In channel 6 and a mean TD-value of 1641 In channel combina- 
tion 3,4; PINE vs. MVEG has a mean TD-value of 1424 In 
channel 1 (the channel ranked third on the basis of mean 
overall TD-value) and the mean TD-value of 1182 In channel 
combination 3,4 (the number one ranked channel combination 
of all combinations involving two channels). The same 
relationship holds for many other cover class pairs. Such 
a relationship was npt found when the lower level channel 
combination was a subset of the higher level channel combina- 
tion (as would be expected). 

The additional average separability achieved for each cover 
class, by increasing the combination level, varies greatly 
between cover classes and combination levels, but generally 
decreases logarithmically with increasing combination level. 
Figure 3 can be thought of as a "separability response 
surface." The apparent length of the lines connecting 
different combination levels of the same cover class is 
proportional to the added separability resulting from the 
Information in the additional channel. Note that the 
greatest Increase in separability due to the addition of the 
second channel occurs with second growth hardwood. As one 
would expect, the smallest increase in separability occurs 
with that cover class with the highest single channel 
separability (soil, in this case). It should be noted that 
the lines connecting the different cover classes are present 
merely to indicate relative differences of separability and 
in no way imply any functional relationship. 

Figure 3 plots the maximum transformed divergence observed 
for each cover class in each combination level. This dis- 
play's th'e maximum separability attainable for each cover 
class If the waveband combinations were selected on the basis 
of each cover class TD-value alone. As Is clearly shown, 
the specific waveband combination resulting in each partic- 
ular TD-value for any given waveband combination level is 
not constant over the different cover classes, ir. compar- 
ing Figures 3 and 4, it is apparent that the shapes of the 
curves increase in similarity with an increase in waveband 
combination level and are nearly identical in shape after 
combination level 4. This indicates thct the separability 
by cover class provided by the best overall channel combina- 
tion (Fig. 3) is nearly identical to the separability by 
cover class provided by the best channel combination for 
each individual cover class (Fig. 4) beyond waveband combina- 
tion levels of 4. Thus, the best four waveband combination, 
based on overall transformed divergence, should provide very 
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close to the maximum classification accuracy for each 
Individual cover type. However, if one were interested only 
In a particular cover type, high classification accuracy 

could be achieved using less than four channels of- data. 

< * 

Figure 3, Averaged transformed divergence provided by the 
Jov * w a y e b a n d_ c om b i na tjo n, by waveband 
combination level and cover class. 
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b est waveband combination for leach coyer class. 
by waveband combination level and**cover class. 
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SUMMARY AND CONCLUSIONS 

Based upon the results of this study, one would not expect 
a computer-based classification employing more than four 
channels to provide much improvement In classification 
accuracy. The highest overall mean separability was 
provided by channels 1, 3, 4, and 5 (0.45-0.52, 0.63-0.69, 
0.76-0.90, and 1.0-1. 3 pm). This channel combination did 
not always provide the highest mean separability by cover 
class nor by pairs of cover classes. A different set of 
cover classes, or even a subset of the cover classes 
considered In this work, could result In other channel 
combinations yielding higher predicted classification 
accuracies. 

Results such as these are highly data and application 
dependent. The conclusions pertain to channel subsets 
selected for classification and in no way imply that 
scanner systems need only obtain data in those channels in 
order to adequately provide remote sensory data to the 
various disciplines. Similar studies involving different 
cover classes and different seasons need to be conducted 
along with follow-up studies involving actual classifica- 
tions. 
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Appendix B - Computer Programs Developed 


The following is a list of some of the programs written during the 

quarter June 1, 1980 - August 31, 1980. A brief description is Included 

to assist those in need of similar code. 

WGHT2 FORTRAN - Reads a file containing: 1) number of the cover classes to 
which a spectral class belongs, and 2) the number of pixels 
from each spectral class. It then computes a weight for 
each spectral class pair and writes a disk file of "WEIGHTS" 
cards within the restrictions of ^SEPARABILITY. Another 
disk file of real variable probabilities for the occurrence 
of each spectral class, and the conditional probability of 
the occurrence of the spectral class given the occurrence 
of the cover class of which it is a subset. 

GRID'FTN - A FORTRAN program written for the PDP-11/34 to generate a 

user specified grid for use in systematic sample selection 
on the COMTAL Vision orie/20. 

DIVPRT FORTRAN - A modified version o. the DIVPRT subroutine called in 
♦SEPARABILITY which is the printer output supervisor. 

This was modified to write out the class symbols and 
separability for each channel combination and each channel 
combination level, for each spectral class pair. 

SPECSEP FORTRAN - Reads the disk file created by the modified DIVPRT and 
computes the averaged transformed divergence by cover 
class pair. It also sorts for and prints out the minimum 
TD value. 

SUMG FORTRAN - Reads the disk file created by the modified DIVPRT and computes 

the averaged transformed divergence by cover class (l.e., for each 
cover class over all cover class pairs - it uses the original 
TDjj's in order to avoid excessive rounding errors). 

CAGEN2 FORTRAN - Reads a deck of COMTAL image coordinates and field descrip- 
tions; queries the user for the line-column coordinate of 
the first pixel displayed in terms of MIST coordinates; the 
run number desired on the output file; and pixel averaging 
if any. It then computes the MIST coordinates for each 
field and creates a disk file of LARS-12 card formatted 
records. 
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APPENDIX C 


Tables of Averaged Transformed Divergence 
by Cover Class Pairs (generated by 
SPECSUP FORTRAN) and by cover Class 
(generated by SUMG FORTRAN). 
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Table c-1. Averaged and Minimum Transformed Divergence Values for Single i 

Channels by Cover Class Pair. 
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Table C-l. Averaged and Minimum Transformed Divergence Values for Single 
Channels by Cover Class Pair (cont'd.). 
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Table C-2. Averaged and Minimum 

Transformed 

Divergence Values 

for Each of 

Best 

2-Channel 

Combinations by Cover Class Pair. 
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S3HD 

198d 

1946 

1956 

1924 

1 9o5 

1699 

1930 

CROP 

vs 

TUPE 

1905 

134 3 

1754 

167 9 

1 Bo6 

1693 

1793 

CROP 

vs 

SYCA 

1552 

1974 

1746 

1311 

1996 

1963 

1 364 

CROP 

vs 

CCUT 

156b 

1457 

1527 

1 46 1 

1477 

1521 

1501 

CROP 

vs 

'-VEG 

1637 

1436 

143b 

1251 

1194 

1523 

1*53 

CROP 

vs 

r T P 

194* 

1966 

1995 

1998 

1995 

1924 

1991 

PILE 

vs 

PIHD 

1265 

1251 

1165 

1170 

1485 

1413 

IP* 9 

PILE 

vs 

HOLD 

1481 

1464 

1479 

1377 

1417 

1343 

147? 

PILE 

vs 

SSHTj 

19 53 

139 3 

1881 

1 34b 

1 7bd 

1730 

1916 

DTVr 

vs 

TUPE 

1955 

1395 

163? 

1815 

166b 

1930 

1333 

PINE 

vs 

SYCA 

1994 

JOQ7 

1985 

1991 

1992 

1999 

1983 

PILE 

vs 

CCuT 

1341 

1271 

121? 

1128 

1590 

1592 

922 

PINE 

vs 

- VEG 

1132 

1 i 05 

1563 

1579 

1231 

1113 

1 5o5 

PILE 

vs 

.4 A T R 

1990 

1994 

1999 

1999 

1 9b9 

1766 

1998 

3 I HO 

vs 

H D W D 

1731 

1771 

1773 

1731 

1993 

1459 

1937 

° I HD 

vs 

SGHD 

1995 

1994 

1991 

1985 

H99 

1891 

1 °97 

p I HO 

vs 

TUPE 

1916 

1736 

1708 

1901 

1 Q 49 

1922 

1977 

P I HO 

vs 

SYCA 

POOO 

2000 

1999 

1999 

2000 

2000 

1998 

PHD 

vs 

CCUT 

1 *4l 

164 6 

1635 

1 646 

199b 

1892 

1667 

P I HO 

vs 

**VEG 

1490 

1519 

1774 

1802 

17bb 

1 566 

1392 

P I HO 

vs 

i ATR 

1999 

2000 

POOO 

2000 

2000 

1938 

2000 

HPwD 

vs 

sghd 

1470 

1500 

1499 

1505 

1431 

1233 

1643 

HD WO 

vs 

TUPE 

1 Q 63 

1553 

1980 

1976 

1898 

1375 

1510 

HD '.i/O 

vs 

SYCA 

1939 

199? 

1933 

1988 

1068 

1996 

1979 

HQ*D 

vs 

CCUT 

1TS0 

1775 

1649 

1598 

1945 

1867 

1377 

HDwO 

v 5 

v V EG 

1913 

1931 

1934 

1876 

1953 

1730 

1957 

HQwO 

vs 

*ATR 

2000 

20 0 0 

2000 

2000 

2000 

1983 

2000 

SGHD 

vs 

TUPE 

1905 

192? 

1941 

1956 

1929 

1574 

H52 

S3HD 

vs 

SYCA 

1967 

1965 

1924 

1917 

1948 

1919 

1956 

SGHD 

vs 

CCUT 

193b 

193? 

1«92 

1342 

1755 

1877 

1306 

SGHO 

V3 

‘VEG 

1996 

1998 

1997 

1988 

1967 

1936 

1996 

SGhO 

vs 

•,V ATP 

2000 

? 0 0 0 

2000 

2000 

2000 

1999 

2000 

TUPE 

vs 

SYCA 

1722 

13?7 

1710 

1338 

1 754 

1698 

17c4 

TUP'E 

vs 

CCUT 

1 916 

175] 

1856 

1777 

1641 

1854 

1770 

TU^E 

vs 

'•VEG 

1942 

1 Q 21 

1810 

1 746 

1 962 

1961 

1966 

T'J D E 

vs 

V A TR 

2000 

2000 

POOO 

2000 

POOO 

1999 

2000 

SYCA 

vs 

CCUT 

1972 

1 9° ? 

1920 

1932 

1734 

1935 

I960 

SYCA 

vs 

•'VEG 

1999 

2 0 0 0 

1995 

1999 

199e 

1999 

1996 

SYCA 

vs 

».ATP 

2000 

2 0 0 0 

2000 

POOO 

2000 

2000 

2000 

CCUT 

vs 

t VEG 

11 OB 

1203 

1014 

1120 

1318 

1250 

1304 

CCuT 

vs 

/ATR 

181* 

1859 

1937 

1978 

1959 

1797 

1°47 


vs 

ss A TP 

1841 

1956 

1949 

1932 

13 96 

1751 

1963 
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Table 02. Averaged and Minimum Transformed Divergence Values for Each of 
Best 2-Channel Combinations by Cover Class Pair (cont'd.)* 

Minimum 


Channels 


3,4 3,5 2,4 2,5 


3*6 


4,6 


iiA 


1764 

I860 

1 71* 

1357 

1 790 

1 *6 7 

1 141 

1M* 

8*7 

247 

2000 

2000 

2000 

2000 

2uu0 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2 0 0 0 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

20 0 0 

1599 

1965 

20 vO 

2000 

2009 

2000 

2000 

20 0 0 

1194 

1245 

1442 

1512 

1241 

1444 

1540 

1501 

1496 

1 lc9 

763 

1031 

1165 

1291 

1 6j6 

788 

474 

730 

554 

t> 39 

1904 

1573 

1853 

1761 

67? 

1939 

134 2 

I960 

1506 

722 

1 665 

1549 

1493 

1369 

1 7o5 

1443 

1785 

124 3 

1613 

1912 

544 

1054 

49 

122 

1424 

1609 

1959 

1068 

1150 

19o8 

1216 

597 

1213 

7r 

7 06 

1669 

1579 

98 3 

]454 

243 

1512 

1934 

1970 

2000 

1747 

1657 

750 

1404 

1214 

122 

1642 

1070 

1666 

1343 

94 1 

1959 

1947 

1478 

1665 

17c0 

1911 

1575 

1811 

1447 

1 oo3 

1513 

934 

1005 

653 

1159 

1793 

1793 

1 112 

535 

l*c9 

735 

727 

r >7 2 

714 

6o5 

4 95 

4 98 

345 

364 

354 

1227 

1545 

1 9t3 

1981 

1340 

549 

364 

c<+ 3 

286 

1 0 b 6 

844 

891 

742 

7M 

647 

1758 

1 7 B 2 

1724 

1702 

14,7 

1381 

1794 

1449 

1466 

*53 

1974 

1936 

1942 

1*72 

1*61 

665 

764 

525 

o55 

12t0 

292 

79 

1226 

1407 

437 

1946 

195 7 

1994 

1994 

17*3 

1620 

1565 

1470 

1326 

lot? 

19«3 

1584 

1972 

1955 

1996 

1853 

1353 

857 

1694 

1509 

1998 

1999 

1 997 

1997 

20 uO 

724 

7"3 

7*6 

766 

1963 

221 

51 7 

1262 

1455 

1 2w0 

1996 

2000 

1959 

2000 

1956 

102? 

1116 

1018 

10*7 

633 

13d9 

1819 

1925 

19C7 

1726 

1956 

1968 

1931 

1951 

1978 

1233 

1136 

323 

670 

13*0 

1761 

1808 

180 0 

1763 

1674 

1999 

1999 

2000 

2000 

1**6 

1622 

1691 

1764 

1823 

1718 

1 867 

1861 

1 694 

1669 

1607 

1761 

1760 

1647 

1493 

1069 

1 9c5 

1994 

1989 

1981 

1947 

2000 

2000 

2000 

2000 

20o0 

889 

1307 

843 

1352 

14*1 

1273 

1005 

1553 

1410 

5t7 

1783 

1703 

1516 

1621 

14j5 

2000 

2000 

2000 

2000 

20u0 

1367 

1923 

1 6b 1 

173? 

1437 

1994 

1999 

1979 

1997 

1**4 

2000 

2000 

2000 

2000 

2000 

433 

712 

587 

711 

4 04 

387 

1054 

1624 

1369 

1747 

316 

1719 

1869 

1*24 

1454 


11*3 

129 * 

1*65 

2000 

2000 

2000 

2000 

2000 

423 

1282 

1776 

692 

lo57 

1940 

729 

601 

1207 

1066 

1163 

1733 
1764 

554 
1069 
306 
7 06 
1425 
1 o46 
7b7 
253 
1162 
691 
736 
1230 
1747 

1996 
1252 

53* 
60 1 
1273 
1603 

1734 
2000 
1581 

371 
1 362 
230 
1506 
1985 
1483 
1347 
1921 
634 
1683 
1678 
1821 

1997 
794 

1415 

1645 

19P9 

1736 

1997 

2000 

774 

969 

777 


1465 

1615 

1986 

1995 

2000 

tOOO 

2000 

2000 

1362 
1524 
1201 

885 

1430 

1587 

1423 

1363 
497 

1053 
1379 
787 
1886 
5 ,’8 
619 
910 
15&9 
383 
1361 
485 
263 
1923 
477 
1002 
1788 

1404 

193 0 
203 
1105 

1984 
1821 
1989 

1913 
1992 
1476 

420 

1997 

1108 

905 

1914 
389 

1936 

2000 

656 

1830 

1450 

1994 

2000 

816 

1182 

1368 

2000 

1922 

1985 
2000 

785 

1724 

1795 
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Table C-3. Averaged and Minimum Transformed Divergence Values for Each of 
Best 3-Channel Combinations by Cover Class Pair. 

Averaged 


Channels 





A 

B 

C 

D 

E 

F 

G 




SOIL 

VS 

PAST 

1991 

196 5 

1990 

1991 

1 9d7 

1994 

1 469 




SOIL 

VS 

CROP 

1964 

196 9 

1965 

1979 

1 9b2 

1977 

1 *46 




SOIL 

V S 

oirjf 

P000 

2000 

2000 

2000 

2000 

POOO 

2000 




SOIL 

VS 

PI HO 

POOO 

2000 

2000 

£000 

POOO 

POOO 

POOO 




SOIL 

/ S 

RDv;D 

Pooo 

20 0 0 

2000 

2000 

2000 

2000 

2000 




SOIL 

V 5 

SGHD 

Poor. 

2000 

POOO 

2000 

POOO 

2000 

2000 




SOIL 

VS 

TUPE 

20o0 

200 0 

2000 

2000 

?0uC 

POOO 

20 0 0 




SOIL 

vs 

SYCA 

P0O0 

£000 

2000 

£000 

2000 

2000 

2000 




SOIL 

7 5 

CCUT 

1910 

1 69 3 

1834 

1939 

1931 

1932 

1 302 




SOIL 

VS 

M VEG 

1906 

1903 

1042 

1874 

1917 

1953 

1*70 




SOIL 

vs 

•V A T R 

195 0 

199 3 

1992 

1982 

1 9 9o 

1995 

1992 




PAST 

vs 

CROP 

1 94 j 

149=> 

1699 

1925 

1673 

1677 

1723 




PAST 

vs 

PINE 

1994 

1996 

19 83 

1989 

1993 

1*82 

1 ?b4 




PAST 

vs 

PIHD 

1999 

200 0 

1990 

1999 

1959 

1992 

1 995 

A 

=3 

3.4.5 

PAST 

vs 

RDWD 

1993 

1996 

1990 

1975 

1 96o 

1954 

1 3 b6 



■jp’* t j 

PAST 

vs 

SGHD 

1987 

1 OB7 

1987 

1946 

1945 

1945 

1*4 2 




PAST 

vs 

TUPE 

1952 

1920 

1903 

1955 

1859 

1877 

1311 

R 


3,4,5 

PAST 

vs 

SYCA 

2000 

2000 

2000 

1398 

1 ° 1 9 

1936 

1562 




PAST 

vs 

CCUT 

1 S53 


1665 

1842 

1326 

184* 

1 ?£D 




PAST 

vs 

MVEG 

1 3 50 

1959 

1Q4? 

195] 

1963 

1929 

1 *6e 

C 

S 

3,5,6 

PAST 

vs 

W’ATR 

2000 

200 0 

.2000 

2000 

POOO 

POOO 

15*6 




CROP 

vs 

PINE 

1994 

1974 

1941 

1944 

1926 

1921 

1945 

n 


o /. c 

CP OP 

vs 

PIHD 

2000 

1 99 C 

1999 

1994 

1 9*2 

1994 

1499 

u 


9 J 

CPPD 

vs 

HOWO 

POOO 

2000 

2000 

19 32 

196 9 

157? 

14*5 




CROP 

vs 

SGHO 

2000 

1999 

1998 

1954 

19 = 7 

1985 

19*0 

E 

S 

2,4.6 

CROP 

vs 

TUPE 

1991 

1988 

1979 

1953 

1909 

1664 

1936 




CROP 

vs 

SYCA 

2000 

190 9 

2000 

1999 

1973 

1 9b5 

1488 




CROP 

vs 

CCUT 

1917 

1874 

1856 

1886 

1336 

1633 

1667 

F 

= 

2,5,6 

CROP 

vs 

MVEG 

1389 

171? 

1701 

1822 

1661 

1675 

1*67 




CROP 

vs 

W A T R 

1993 

19°8 

1997 

2000 

?000 

.2000 

1995 

p 



PINE 

vs 

PIHD 

1636 

1996 

1690 

1648 

1815 

1820 

1759 


3 

1 > 3 # 4 

°INE 

vs 

HDWD 

1591 

1559 

1527 

1619 

1549 

1499 

1 S53 




P I ME 

vs 

SGHO 

1925 

192 7 

1908 

1917 

1912 

1890 

1946 




PINE 

vs 

TUPE 

1963 

1972 

l c 51 

1Q91 

1 9o7 

1931 

197b 




PINE 

vs 

SYCA 

1993 

2000 

2000 

1997 

2000 

2000 

1996 




PINE 

vs 

CCUT 

164 3 

1757 

1754 

1546 

1696 

1620 

1596 




PINE 

vs 

"VEG 

164 0 

1707 

1507 

1905 

1892 

1874 

1770 




PINE 

vs 

W A T R 

1999 

1997 

1999 

2000 

2000 

2000 

1999 




P I HO 

vs 

HDWD 

1852 

1936 

1946 

1354 

1920 

1839 

1971 




PIHQ 

vs 

SGHD 

1997 

2000 

2000 

199? 

2000 

1999 

199* 




PIH-) 

vs 

TUPE 

1997 

1987 

1 9Sb 

2000 

197* 

1980 

199b 




PIHQ 

vs 

SYCA 

2000 

2000 

2000 

2000 

2000 

2000 

2000 




PIRO 

vs 

CCUT 

1753 

2 00 0 

2000 

1741 

1 994 

1995 

1990 




P I HO 

vs 

RVEG 

1993 

1965 

1935 

1997 

1996 

1996 

1440 




P I RD 

vs 

WATR 

2000 

2000 

2000 

2000 

2000 

2000 

2000 




H D W 0 

vs 

SGHD 

1620 

166? 

1653 

1611 

1639 

1623 

1712 




HO WO 

vs 

TU D E 

1977 

1971 

1962 

1987 

1 9ob 

1983 

1970 




HDwD 

vs 

SYCA 

1994 

1 9R6 

1998 

1 993 

1998 

1998 

1994 




RDwD 

vs 

CCUT 

1618 

IflQl 

1895 

1780 

1365 

189 0 

1 827 




HD WO 

vs 

* ’ V E G 

1984 

1 95 J 

1964 

1936 

1 °7 ? 

1966 

1964 




h0,'0 

vs 

W A T R 

2000 

2000 

2000 

2000 

POOO 

2000 

2000 




SOHO 

vs 

TUPE 

1957 

1939 

19 38 

1973 

1965 

1965 

1909 




SGHO 

vs 

SYCA 

1970 

1977 

1978 

1 R41 

1 3 6 5 

1963 

196 4 




SGHD 

vs 

CCUT 

1946 

194 0 

1959 

19?0 

1927 

1954 

1*4 0 




SGhO 

vs 

'•D/EG 

1999 

1999 

1999 

1999 

19*o 

199 8 

1999 




SGHO 

vs 

WATR 

2000 

2000 

2000 

2 000 

2 0 0 0 

2000 

2000 




T'JPE 

vs 

SYCA 

1962 

190 0 

1507 

1958 

1 863 

1901 

1*5 0 




TUPE 

vs 

CCUT 

1 949 

193? 

1903 

1976 

1979 

1974 

1836 




TUPE 

vs 

•■VEG 

1990 

197? 

1944 

1990 

1970 

I960 

19 0 7 




TUPE 

7 5 

W A T P 

2000 

20 0 0 

2000 

2000 

2000 

2000 

2000 




SYCA 

vs 

CCUT 

1985 

1978 

1 c 85 

1942 

1944 

1961 

2000 




SYCA 

vs 

MVEG 

2000 

2000 

2000 

2000 

POCO 

2000 

1999 




S YC A 

vs 

WATR 

2000 

2000 

2000 

2000 

2000 

2000 

2000 




CCUT 

vs 

u V t G 

166d 

1565 

163b 

1678 

1620 

1677 

1 944 




CCUT 

vs 

aATR 

197* 

1902 

1992 

1994 

1999 

1999 

1997 




mVEG 

vs 

WATR 

1996 

1981 

1980 

1997 

19*5 

1993 

1996 
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Table C-3. Averaged and Minimum Transformed Divergence Values for Each of 
Best 3-Channel Comb ''nations by Cover Class Pair (cont'd.). 

Minimum 


Channels 


A 

B 

C 

D 

E 

F 

G 




1<M7 

1606 

1932 

m? 

1 tto7 

1436 

1778 




n?6 

ie?o 

1 796 

142? 

1926 

1404 

160rs 




2000 

2000 

2000 

2000 

20»0 

2000 

2000 




coon 

2000 

2000 

2000 

20u0 

2000 

2000 




2 GO 0 

2000 

2000 

2000 

2000 

2000 

2000 




2000 

2000 

2000 

2000 

20 vO 

8000 

2000 




cOOO 

2000 

2000 

20u0 

2000 

20o0 

2000 

2000 




2090 

2000 

2000 

80 o 0 

2000 

8000 




1699 

1540 

1513 

1780 

1 7d6 

1709 

14 9n 




17TH 

1530 

1724 

1570 

loll 

1791 

1832 




1763 

1015 

1407 

1749 

1452 

1941 

in 3 




1678 

1371 

1438 

1 4 \ 0 

13 73 

1327 

9da 




1^78 

1064 

no 3 

194 6 

nvi 

ld97 

192d 




1 QC0 

1 00 B 

1423 

1997 

1444 

193 7 

1463 

A 

=* 

3, A, 5 

1066 

106 1 

1924 

10 30 

1773 

1667 

1762 




10?6 

1031 

192? 

1735 

1 7 tn 

170d 

1594 

B 



1733 

1570 

1661 

1753 

1 Jo5 

1250 

1123 


3*4,5 

1940 

1000 

1 9wQ 

13?4 

1 3 r>0 

1493 

1 6 y 6 




1 4<*6 

1317 

140 3 

1 40? 

137? 

1491 

1667 

1443 

r 

a 

1 C £ 

1 7 n 7 

17-1 

1 004 

1710 

1 d (.• 4 

1 S66 

V 


3,5, b 

1046 

1006 

1 4 9,5 

2000 

20 0 0 

2 0 0 0 

nno 




1^61 

noo 

1609 

169 4 

loJ6 

1041 

1041 

D 

at 

2.4,5 


1861 

1OO0 

1062 

i*»o 

1472 

1991 




1 QQ9 

1900 

1097 

18 07 

177? 

1304 

1 9n? 




19>-t0 

1 904 

1906 

1070 

1 9'* 4 

1917 

1 i 47 

E 


2,4,6 

10 3l 

1033 

1861 

1971 

1503 

1 h33 

1077 




2000 

19 0„ 

1 905 

1946 

1 o 7 ? 

1 bdd 

1937 




1476 

i n+ 

1091 

14.04 

1 2 j9 

1200 

834 

F 

at 

2,5,6 

1447 

797 

775 

1 3 06 

80 1 

949 

1900 




10,16 

1986 

1474 

190 3 

1940 

1997 

1983 

G 

xa 

i ■» A 

1 336 

1503 

1737 

l 369 

1401 

1499 

\\t\ 

VF 


X , J ,H 

940 

10 30 

1063 

.499 

743 

773 




18T6 

1827 

180 4 

1762 

17o? 

17 34 

18 30 




1031 

1806 

1871 

1906 

1 465 

1944 

1927 




'■m 

1990 

1909 

19H7 

1 9*9 

1499 

1 984 




1554 

1375 

005 

1300 

947 

1243 




1461 

1304 

919 

1710 

1044 

1637 

1143 




1007 

1963 

1993 

1999 

20t.0 

2000 

1992 




16^8 

1850 

1849 

1644 

Id 35 

1769 

190 8 




1060 

1909 

1409 

14 30 

1948 

1995 

1997 




100? 

1064 

194 4 

1949 

1419 

1 4 2 0 

1990 




1 OOO 

20 0 0 

2000 

194M 

2 0 v 0 

2000 

1949 




10 ’4 

19 9 0 

2000 

1017 

14/7 

1 4 H 0 

190? 




1075 

184? 

HO 3 

199? 

1 4 

1487 

633 




29 0 0 

200 0 

2 0 00 

2000 

20 uO 

2000 

2000 




1161 

1108 

1109 

1110 

1119 

10B6 

1144 




1 0j7 

1804 

1044 

1 049 

1 9h4 

1934 

1976 




1076 

109 0 

1991 

1970 

194? 

1993 

1977 




mi 

1675 

150? 

1150 

15 >4 

1571 

1324 




H36 

102? 

ni3 

1 049 

1 9 ii O 

1891 

1 909 




c 0 0 0 

2000 

2000 

2000 

20 o 0 

2000 

2000 




18 10 

1 7 C '4 

170? 

1 d-2 

1 odO 

1662 

1636 




n>»o 

1006 

ni? 

1 7 o6 

1 ooO 

1673 

1936 




17-6 

1775 

1851 

1695 

1721 

1030 

1 7b7 




10^7 

1995 

1409 

1996 

2000 

1944 

1 99<* 

}497 




c 003 

20 0 0 

2000 

20u0 

2000 

r 0 0 0 




1640 

noi 

162 7 

1031 

1 0 j5 

lt>04 

1800 




1704 

17 33 

1633 

no 3 

me 

1096 

1.955 




lQr.0 

2009 

1087 1037 
2000 2000 

1008 

2000 

Id 70 
20 1 0 

1046 

2000 

1948 

t 000 




1041 

1012 

1934 

1 760 

1 7 76 

1 d42 

2000 




2000 

2000 

2000 

1 990 

2040 

2000 

1997 




2000 

2000 

2000 

2000 

2000 

2000 

2000 




1202 

591 

1310 

1228 

4c 9 

1 321 

1099 




nn 

1953 

1944 

1464 

1 9o9 

1909 

1985 




1076 

1071 

1 1-6 3 

1977 

1 40Q 

1 97h 

190o 
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Table C-4. Averaged and Minimum Transformed Divergence Values for Each of 
Best 4-Channel Combinations by Cover Class Pair. 


Averaged 


Channels 






A 

B 

C 

D 

E 

F 

G 




SOIL 

VS 

D AST 

1 R 94 

1 996 

1969 

1996 

1946 

1 99? 

1 99 2 




SOI! 

VS 

CRO D 

1986 

147(y 

1991 

196 0 

1 9bd 

1989 

1 9o* 




SOIL 

VS 

DIN/-' 

Pooo 

20 01 

2000 

POOO 

POOO 

2000 

20 uO 




SOIL 

VS 

PI H.-, 

2000 

20 01 

2000 

200 0 

20uO 

2000 

2000 




SOIL 

VS 

HOlfc'D 

POOL 

20 01 

2000 

20 0 0 

2000 

2000 

2000 




SOIL 

vs 

SOHD 

POOO 

210 0 

2000 

8000 

2000 

2000 

20 0 0 




SOIL 

vs 

TUPF 

pooo 

2 0 0 1 

2000 

2000 

POuO 

POOO 

2000 




SOIL 

vs 

SYCA 

Pooo 

2000 

2000 

2000 

2000 

2000 

2000 




SOIL 

vs 

CCUT 

1°51 

1927 

1941 

1956 

1 9o8 

1944 

1935 




SOIL 

vs 

M V E 0 

1973 

1998 

1969 

1964 

1964 

1990 

1993 




SOIL 

vs 

wATR 

1997 

1 994 

1998 

1967 

1990 

1996 

1997 




PAST 

vs 

CROP 

1979 

1973 

1939 

1977 

1969 

1948 

1949 




PAST 

vs 

PINE 

1998 

1998 

1998 

1999 

1997 

1997 

1990 




PAST 

vs 

PIHD 

pooo 

2000 

2000 

2000 

2000 

2000 

1942 

A 

3 

1,3,4, 5 

PAST 

V5 

H OwD 

1996 

1997 

1996 

1999 

1993 

1996 

1992 




PAST 

vs 

SGHD 

1993 

199 0 

1 994 

1998 

1991 

1995 

1993 

n 



PAST 

vs 

TUPE 

197B 

1976 

1953 

1996 

1994 

1999 

1934 

D 


3, 4 , 5, © 

PAST 

vs 

SYCA 

2000 

2000 

2000 

2000 

2000 

2000 

2000 




PAST 

vs 

CCUT 

1893 

1905 

1656 

1901 

1893 

1866 

1 ?0b 

c 

a 

1.3 4.6 

PAST 

vs 

*.1VEG 

198-4 

1977 

1989 

1983 

19 33 

1939 

l?7b 




° AST 

vs 

ti ATS 

2000 

2000 

2000 

2000 

?0OQ 

2000 

2000 




CROP 

vs 

P T ME 

2000 

19QQ 

1996 

199 i 

1993 

1985 

1961 

D 

= 

3,4, 5, 7 

CROP 

vs 

PIHD 

POOO 

cOOl 

2000 

i-000 

1999 

1999 

2000 




C»OP 

vs 

hO'a'D 

POOO 

2001 

2000 

POOO 

194b 

2000 

2000 




CP op 

vs 

SOHO 

2000 

2000 

2000 

8000 

1999 

2000 

1999 

£ 

a 

2,4,5, 7 

CROP 

vs 

TUPF 

1998 

199? 

1997 

1998 

1 99 J 

2000 

1988 




CROP 

vs 

SYCA 

2000 

2 001 

2000 

2000 

2000 

2000 

2000 

F 

_ 

? 3 4 6 

CROP 

vs 

CCUT 

1939 

1937 

1919 

1954 

1937 

1909 

1908 




CROP 

vs 

v VFO 

2000 

1984 

1996 

1970 

1976 

1943 

1993 




CROP 

vs 

aIATR 

2000 

199? 

2000 

2000 

2000 

2000 

2000 

G 

=r 

1, 3,5,6 

P] 

[NE 

vs 

PIHD 

1891 

1964 

1684 

1934 

1837 

1580 

1927 




P 

WP 

vs 

HDWD 

1705 

1589 

1688 

1627 

1653 

1716 

167 0 




P 

[NE 

vs 

SGHD 

1951 

1957 

1954 

1951 

1941 

1965 

1946 




P 

[NE 

vs 

TUPE 

199b 

1989 

1995 

1989 

1994 

1996 

196e 




P 

[\E 

vs 

SYCA 

1999 

2000 

2000 

1993 

1997 

2000 

2000 




P] 

[NE 

vs 

CCUT 

1817 

1930 

1825 

1960 

1805 

1619 

1792 




P] 

[NE 

vs 

"VEO 

1942 

1399 

1933 

1365 

1927 

1944 

1902 




PINE 

vs 

W A TP 

POOO 

20 00 

2000 

2000 

2-JOO 

2000 

2000 




p I H D 

vs 

HOiVD 

1 9oo 

1989 

1988 

1941 

1945 

1963 

1969 




P] 

[HO 

vs 

SGHD 

POOO 

2001 

2000 

8000 

2000 

POOO 

200u 




p; 

[hi 

vs 

TUPE 

2000 

2000 

1998 

1999 

2000 

2000 

1494 




°IH0 

vs 

SYCA 

2000 

2 0 0 0 

20 0 0 

2000 

POOO 

POOO 

20 0 0 




D I HD 

vs 

CCUT 

1995 

2000 

2000 

1957 

1932 

POOO 

20 0 0 




PI i-O 

vs 

"VEG 

199 3 

1409 

1972 

1996 

1999 

2000 

1971 




PI HD 

vs 

vVATR 

POOO 

2001 

2000 

2000 

2000 

2000 

2000 




HOi'/D 

vs 

SOHD 

1743 

1644 

1753 

1702 

1 69o 

1703 

1747 




H D W 0 

vs 

TUPE 

1961 

1975 

1975 

1984 

1993 

1987 

1966 




HD*D 

vs 

SvCA 

1998 

199? 

1999 

1996 

1996 

1999 

1999 




HDw'D 

vs 

CCUT 

1845 

1909 

1903 

1905 

1699 

1944 

1906 




hP^o 

vs 

"VEG 

1999 

1967 

1998 

1967 

1988 

1990 

1997 




HD riD 

vs 

•VATP 

2000 

2 0 01 

2000 

2000 

POOO 

2000 

2000 




SOHO 

vs 

TUPE 

1973 

1959 

1956 

1963 

1976 

1973 

1 95 0 




SGHD 

vs 

SYCA 

198? 

1941 

1990 

19h5 

1964 

1992 

1990 




SOHD 

vs 

CCUT 

1957 

I960 

1949 

1966 

1950 

1981 

1 9b6 




SGHD 

vs 

MVEG 

20 0 0 

1 9 9 D 

2000 

2000 

1999 

2000 

2000 




SOHO 

vs 

a'ATO 

2000 

20 0 0 

2000 

C000 

2000 

2000 

2000 




TU°E 

vs 

SYCA 

1999 

19 71 

1994 

1975 

1975 

1910 

1993 




TUPF 

vs 

CCUT 

196o 

196? 

1956 

1958 

1 9o 1 

1993 

1927 




TU?E 

vs 

V F G 

POOO 

1992 

1998 

1993 

1995 

1986 

1990 




TUPF 

V5 

.-.ATP 

POOO 

2000 

POOO 

8000 

POOO 

2000 

20 0 0 




SYC A 

vs 

CCUT 

POOO 

1Q93 

2000 

1996 

1?67 

1999 

2000 




SYCA 

vs 

' * ' V F 0 

PnoO 

2 0 0 0 

2000 

POOO 

2000 

2000 

2000 




SYC A 

vs 

a' A T p 

POOO 

20 0 0 

2000 

2000 

POOO 

2000 

2000 




CCUT 

vs 

f.'VFG 

1993 

1404 

1987 

1919 

1943 

1826 

19b4 




CCUT 

vs 

/A A TP 

2000 

1 44** 

2000 

1999 

POOO 

2000 

2000 




"VEG 

vs 

w A T P 

POOO 

199? 

2000 

199b 

1999 

1999 

1999 
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Table C-4. Averaged and Minimum Transformed Divergence Values for Each of 
Best 4-Channel Combinations by Cover Class Pair (cont'd.)* 

Minimum 


Channels 


A 

B 

C 

D 

E 

F 

G 




1946 

196 3 

19 ,6 

1961 

1*85 

1917 

1938 




1946 

1673 

1 564 

1013 

1 *.56 

1951 

1959 




4000 

2000 

2000 

2000 

20o0 

2000 

2000 




4000 

2000 

20 0 0 

2000 

2Ou0 

2000 

2000 




2000 

2000 

20 0 0 

2000 

2UU0 

2000 

2000 




400 0 

2000 

2000 

2000 

200 0 

2000 

2000 




400 0 

2000 

2000 

2000 

20 ;»0 

2000 

2000 




2000 

2000 

2000 

2000 

2oo0 

2000 

2000 




1701 

1634 

1769 

1317 

19; 1 

1831 

1750 




1872 

193b 

154? 

1 1 93 

1793 

1949 

1 9^3 




I96 0 

1925 

1970 

1349 

1679 

1*57 

1961 




1877 

1797 

1530 

1355 

1/33 

1719 

1628 




1989 

1Q92 

1952 

1994 

19b8 

19 86 

1931 




2000 

2000 

1999 

2000 

2000 

1999 

1935 




1971 

1978 

1963 

1988 

1546 

1970 

1937 

A 

a 

1 » 3,4 , 5 

1 Q r* 1 

1943 

19q7 

1964 

1944 

1964 

1957 




1867 

1390 

1741 

1980 

1*89 

1996 

1696 

D 



1999 

1999 

20 0 0 

2000 

1996 

2000 

2000 

D 

= 

3,4, 5,6 

1579 

1579 

1516 

1574 

1604 

1414 

1605 




1 8?7 

1665 

1932 

1390 

lo99 

1933 

1567 

c 

a 

1 3 4.6 

2000 

199?. 

20 C 0 

2000 

2000 

2000 

2000 




1999 

1966 

1967 

1939 

19^6 

1921 

1919 




2000 

2000 

2000 

2000 

1995 

1993 

2000 

D 

a 

3,4, 5, 7 

2000 

2000 

2000 

2000 

1 9 V 1 

2000 

1999 




2000 

1999 

1999 

1990 

19*4 

1996 

1994 




19^6 

1 9h4 

1977 

1987 

1*46 

2000 

1906 

E 

a 

2, A, 5, 7 

2000 

2000 

1999 

2000 

20 J 0 

2000 

1999 




1599 

1563 

1431 

1704 

1711 

1377 

1361 

F 

_ 

2 3 4 6 

1997 

1729 

1975 

1779 

1829 

1694 

1967 




1999 

1991 

20 0 0 

1993 

2010 

1999 

2000 




1655 

1937 

15S6 

1590 

1828 

1621 

1786 

G 

a 

1, 3,5,6 

1166 

1233 

1139 

1008 

974 

1259 

1181 




1837 

1864 

1 655 

1848 

lol 3 

1867 

1635 




1978 

1954 

1940 

1954 

1977 

1983 

1902 




1995 

2000 

2000 

1992 

1*56 

2000 

2000 




1592 

1777 

1577 

1609 

lo06 

lb35 

1410 




1768 

1615 

1731 

1466 

1721 

1799 

1613 




1999 

1999 

1996 

1999 

20o0 

2000 

1998 




1950 

1965 

1964 

1367 

lo7 0 

1693 

1971 




1998 

2000 

2000 

1999 

1993 

2000 

2000 




2000 

2000 

1992 

1997 

19*9 

2000 

1976 




2000 

2000 

2000 

1990 

19*9 

2000 

2000 




1979 

2000 

2000 

1828 

1731 

1999 

2000 




1979 

1597 

1551 

1963 

1**7 

1999 

1333 




2000 

2000 

2000 

2000 

20o0 

2000 

2000 




1224 

1213 

1231 

1205 

1182 

1213 

1209 




19?5 

1910 

1393 

1935 

1970 

1949 

1862 




1990 

1996 

1996 

1985 

1964 

1997 

1996 




1352 

1 664 

1616 

1626 

lt-oi 

1780 

1625 




1996 

1964 

1952 

1963 

1986 

1965 

1907 




2000 

2000 

2000 

2000 

2000 

2000 

2000 




1892 

1836 

1624 

1851 

1 9u5 

1890 

1798 




1946 

1924 

1955 

1940 

1885 

1966 

I960 




1334 

1886 

1301 

1973 

1810 

1926 

1963 




2000 

1997 

1999 

1998 

19*7 

1998 

1999 




2000 

2000 

2000 

2000 

20; 0 

2000 

2000 




1996 

1380 

1975 

1899 

19; 1 

1639 

1971 




1871 

1346 

1324 

1331 

1924 

1*73 

1709 




1999 

1969 

1901 

1980 

1*76 

1944 

1961 




2000 

2000 

2000 

2000 

20u0 

2000 

2000 




2000 

1973 

20 0 0 

1985 

1946 

1997 

2000 




2000 

2000 

2000 

2000 

2000 

2000 

2000 




2000 

2000 

2000 

2000 

20o0 

8000 

2000 




1981 

1761 

i 969 

1818 

1 ob3 

1549 

1969 




1996 

1959 

1998 

1994 

2000 

1999 

1997 




1996 

1935 

1996 

1992 

19*2 

1986 

1991 
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Table C-5. Averaged and Minimum Transformed Divergence Values for Each of 
Best 5-Channel Combinations by Cover Class Pair. 

Averaged 


Channels 





A 

B 

C 

D 

E 

F 

G 




SOIL 

SOIL 

V 3 
VS 

PAST 

CROP 

1996 

1994 

19QO 

1 99 4 

1997 

1990 

1999 

1994 

1999 1999 19Md 
1990 1995 199d 




SOIL 

SOIL 

VS 

PINE 

?noo 

2 0 0 0 

2000 

2000 

2000 

2000 

2000 




vs 

p I MM 

pooc 

2 0 0 0 

2000 

£000 

2000 

2000 

£000 




SOIL 

VS 

MDVvO 

2 0 00 

2000 

20 00 

£000 

2000 

2000 

2000 




SOIL 

vs 

sghd 

2030 

2000 

2000 

2000 

2000 

2000 

2000 




SOIL 

vs 

TUPF 

2000 

20 0* 

20 0 0 

2 0 0 0 

20 0 0 

2000 

2000 




SOIL 

vs 

SYCA 

2000 

2000 

2000 

£000 

2000 

2000 

2000 




SOIL 

vs 

CCUT 

1 R62 

1967 

1969 

1 977 

1 9b9 

1992 

1904 




SOIL 

vs 

MVE6 

2000 

20 0 0 

1994 

1999 

2000 

2000 

1997 




SOIL 

vs 

W A T R 
CROP 

199/? 

1997 

199? 

1993 

1996 

1998 

1998 




PAST 

vs 

1992 

1995 

1936 

1991 

1990 

1982 

1973 




PAST 

vs 

PINE 

1999 

1999 

1999 

1999 

2000 

1999 

1995 




PAST 

vs 

P I MO 

2000 

2000 

2000 

2000 

2000 

2000 

1999 

A 


1 Q /, Q A 

PAST 

vs 

MDlvD 

1993 

1995 

1998 

1999 

1999 

1994 

1994 

A 



PAST 

vs 

SOHO 

199b 

1997 

1997 

1999 

1999 

1995 

1996 




PAST 

vs 

TUPE 

1993 

2000 

2000 

1999 

1999 

1996 

1999 

B 

a 

2. 3,4. 5.6 

OAST 

vs 

SYCA 

2000 

20 00 

2000 

2000 

2000 

2000 

2000 



PAST 

vs 

CCUT 

1932 

1926 

1925 

1931 

193b 

1 92o 

1936 




PAST 

vs 

VEG 

1994 

1993 

1991 

1995 

1990 

1992 

1992 

C 


1 , 2 , 3 , 4, 5 

OAST 

vs 

W A T R 

2000 

2000 

20 0 0 

200 0 

2000 

2000 

2000 




COO 3 

vs 

PINE 

2000 

1999 

2000 

2000 

2000 

199 9 

1993 



1 , 3 , 4 , 5,7 

CPO p 

vs 

PI MO 

2000 

20 00 

2000 

£000 

2 0 u 0 

2000 

2000 

D 

* 

CP^'P 

vs 

HDWO 

2000 

20 0 0 

2000 

20 0 0 

P000 

1999 

2000 




CROP 

V 5 

9SHD 

2000 

20 00 

2000 

2000 

2000 

1999 

20 0 0 

F 

a 

1 A S 7 

CROP 

vs 

TUPE 

20 0 0 

2 0 00 

2000 

1 99m 

2000 

1997 

200 0 

to 



CP ip 

vs 

SYCA 

2 C 0 0 

2 0 0 0 

2000 

2 00 0 

2000 

2000 

200 0 




CROP 

V 5 

CCUT 

195? 

195 0 

194 3 

1969 

1 9o 1 

196 5 

1 92u 

F 

a 

2.4. 5, 6.7 

CROP 

vs 

V c ^ 

2000 

1905 

2000 

200 0 

1990 

1991 

1996 




CPMo 

vs 

-V ATP 

2000 

20 0 0 

20 0 0 

2000 

2000 

2000 

20 0 0 




PI ■«.£ 

vs 

° I HD 

1989 

195? 

1905 

1928 

1 97d 

196 6 

1944 

G 

* 

1»2,3,5,6 

PI;.'E 

vs 

H 0 W 0 

1772 

1779 

1 7 H 5 

1717 

173 0 

1714 

1773 




pi v e 

vs 

SOHO 

1R6? 

1973 

1972 

1956 

1 Q 7 0 

1956 

1970 




p i r- c 

vs 

TU = E 

1 99t 

1997 

2000 

199b 

1991 

1995 

2000 




BI*E 

vs 

SYCA 

2000 

20 00 

2000 

199 9 

2000 

2000 

2000 




PINE 

vs 

CCUT 

195b 

l c 3^ 

1556 

190b 

1959 

1948 

1952 




p I - 

7 5 

•:VE3 

1 965 

196 a 

1 9 a 0 

1950 

1 9 1 3 
2000 

1950 

1971 




PTE 

V 5 

W A T R 

20 0 0 

20 00 

2000 

2000 

2000 

2000 




DIM,-) 

vs 

H 0 w D 

1999 

2000 

1 99-. 

1995 

1 994 

1995 

1996 

1996 




P I MO 

vs 

SGHD 

2000 

2000 

2000 

2000 

2000 

2000 




p I u 0 

vs 

TUPE 

2000 

2000 

2000 

£000 

2000 

2000 

2000 




P Ii j n 

vs 

SYCA 

2000 

2000 

2000 

2000 

2000 

2 00 0 

2 0l»0 




P I MO 

vs 

CCUT 

2000 

c 0 0 0 

1999 

1 999 

2000 

2000 

2000 




PI^O 

V 3 

V E 3 

2000 

20 0 0 

2000 

1997 

2000 

2000 

2000 




RI-^0 

vs 

VATR 

2000 

POO? 

20 0 0 

2000 

2000 

2000 

2000 




H o ■; D 

vs 

SGHD 

1765 

1713 

1766 

1759 

172& 

Hi! 

17 72 




HD\- D 

vs 

T U 3 E 

1932 

195 9 

1991 

196 7 

1 9b4 

1 9o7 




U DWD 

vs 

SYCA 

2000 

2000 

1999 

1998 

2000 

2000 

2000 




m D '.V D 

V 5 

CCUT 

1921 

195b 

1®25 

1913 

193b 

194 0 

1 9b 1 




-TV-jO 

vs 

M V E G 

1999 

1995 

2000 

1999 

1 9fa9 

1989 

1998 




w 0 <V o 

vs 

V. AJP 

2000 

2 0 0 0 

2000 

2000 

2000 

2000 

2000 




SGMH 

vs 

TUPE 

197b 

1979 

199.3 

1 961 

1965 

1977 

1990 




SGMD 

vs 

SYCA 

1992 

1994 

1996 

1992 

1994 

1991 

1997 




SGHD 

vs 

CCUT 

1 97d 

1993 

1986 

1972 

1977 

1973 

1992 




SGHO 

vs 

“VEG 

2000 

2000 

2000 

2000 

2000 

1999 

2000 




S3H0 

vs 

VJ AIR 

2000 

2000 

2000 

£000 

2000 

2000 

2000 




TU^E 

vs 

PYCA 

1999 

1 9 7 •» 

1999 

1999 

1981 

1982 

1995 




TU D E 

vs 

CCUT 

1984 

1995 

1997 

197b 

1971 

1990 

199b 




TUPE 

vs 

U VEG 

2000 

1 9 9H 

2000 

2000 

1996 

1995 

1999 




TUPE 

vs 

W ATP 

200 0 

2 0 0 0 

2000 

2 0 0 0 

2000 

2000 

2000 




SYCA 

vs 

CCUT 

2000 

2 0 00 

2000 

2000 

1 99d 

1995 

2000 




SYCA 

vs 

H VEG 

2000 

coon 

2000 

2000 

2000 

2000 

2000 

2000 




SYCA 

vs 

W A T R 

2000 

20 0C 

2000 

2000 

2000 

2000 




CCUT 

vs 

MVEG 

1998 

197? 

1997 

1999 

1962 

1979 

1990 




CCUT 

vs 

fcATR 

2000 

2000 

2000 

2000 

2000 

2000 

2000 




RVEG 

vs 

* ATP 

2000 

1999 

?r>00 

2000 

1999 

1999 

1999 
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Table C-5. Averaged and Minimum Transformed Divergence Values for Each of 
Best 5-Channel Combinations by Cover Class Pair (cont'd.)* 


Minimum 


Channels 


A 

B 

C 

D 

E 

F 

G 




iq«3 1990 
1977 1973 

1961 

1966 

1977 

1963 

19*0 

1900 

1991 19' 
1970 18 




2000 

20 0 0 

2000 

2000 

20i> 0 

2000 

20 




2000 

2000 

2000 

2000 

2000 

2u00 

200 




2000 

2000 

2000 

2000 

20 vO 

2000 

2000 




2000 

2000 

2000 

2000 

20 j0 

2u00 

2000 




2000 

20 0 0 

20 0 0 

2000 

20v0 

2000 

2000 




2000 

2000 

200 0 

2000 

20 o0 

2000 

2000 




1*16 

1363 

1379 

1 >13 

1 ot>6 

1933 

1874 




2000 

2000 

1965 

1996 

1947 

1997 

1984 




1974 

1963 

1975 

1971 

14d? 

1974 

1975 




1933 

1930 

1924 

1946 

1939 

1828 

1832 




1998 

1995 

1991 

1996 

1949 

1996 

1963 




2000 

2000 

2000 

2000 

20 00 

2000 

1993 




19h2 

1965 

1 9b2 

1992 

1944 

1955 

1950 

A 

a 

1,3, 4, 5, 6 

1979 

1978 

1977 

1991 

19*6 

1969 

1963 




1986 

1999 

1999 

1991 

19*7 

1972 

1995 

B 



2000 

2000 

2000 

2000 

20u0 

1999 

2000 

a 

2, 3, 4, 5, 6 

1681 

1642 

1715 

1669 

lt>37 

1661 

1949 

1763 




1861 

1954 

1 9 d2 

1968 

1*39 

1957 




2000 

20 00 

2000 

2000 

2000 

2000 

2000 

c 

=* 

1 > 2, 3,4, 5 

1999 

1998 

1999 

1999 

1**9 

1*93 

1969 




2000 

2000 

2000 

20 0 0 

20u0 

2000 

2000 

D 

a 

1.3.4. 5.7 

2000 

2000 

2000 

2000 

20 0 C 

1990 

1999 



A i -'t ' 

2000 

2000 

2000 

2000 

20c 0 

1997 

1997 




2000 

2000 

2000 

1996 

2000 

1*76 

1999 

E 

a 

3,4, 5, 6,7 

2000 

2000 

2000 

2000 

20 u 0 

2000 

2000 




16^5 

1642 

1 6 U 9 

1765 

lbo7 

1824 

1434 




2000 

1 969 

1989 

2000 

l*c7 

1*38 

1977 

F 

a 

2*4*5, 6 f 7 

2000 

2000 

2000 

2000 

19*3 

2000 

2000 




197^ 

1980 

1707 

177C 

15*7 

1961 

1 3?S 

n 


12 3 5 6 

1362 

1390 

140 7 

1196 

1307 

1146 

1430 

V? 



1863 

1905 

190 6 

1859 

1 o*9 

1854 

190 0 




1 9d 2 

1929 

199 9 

1983 

1 *o4 

14 50 

1999 




£.000 

2000 

2000 

1996 

2 0 0 

2000 

2000 




1873 

1797 

1 63 3 

1775 

16d8 

16.41 

1676 




1863 

1354 

1921 

1798 

1664 

1606 

1835 




1999 

2000 

2000 

2000 

20 v0 

2000 

2000 




1998 

1976 

1 969 

1481 

2000 

1*o8 

1988 

1990 




c000 

2000 

2000 

20O0 

2000 

2000 




2000 

2000 

2000 

2000 

20u0 

2000 

20 0 0 




2000 

2000 

2000 

2000 

2000 

2000 

2000 




2000 

2000 

1994 

1996 

20 0 0 

2000 

2000 




1998 

2000 

2000 

1987 

1**9 

1999 

200 0 




2000 

2000 

2000 

2000 

2000 

2000 

2000 




12*83 

1243 

1277 

1243 

1237 

1178 

1264 




1926 

1956 

1 985 

1948 

1*37 

1971 

1949 




1998 

1999 

1 997 

1993 

19*9 

1999 

1999 




1634 

1826 

1705 

1673 

1704 

1762 

1845 




199b 

193 3 

1990 

1997 

1 *o9 

1957 

1992 




2000 

2000 

2000 

2000 

1 0 u 0 

2000 

2000 

1*60 




19(i 3 

1916 

1970 

1926 

1 ool 

1906 




1966 

1975 

1 9t 3 

1 9b9 

14 7u 

1965 

1937 




1902 

1972 

19*? 

1892 

191? 

1396 

1970 




2000 

1998 

2000 

2000 

1* « 

1997 

2000 




C009 

2000 

2000 

2000 

2UuQ 

2000 

2000 




1997 

1897 

1947 

199b 

1424 

1*28 

1981 




1934 

1979 

195b 

190? 

I6c3 

1*61 

1983 




1999 

1 43 3 

2000 

1 999 

1 *o4 

1981 

1996 




2000 

2000 

2000 

2000 

20u0 

2000 

2000 




2000 

1999 

2000 

2000 

199? 

1981 

2000 




2000 

2000 

20 0 0 

2000 

20u0 

2000 

2000 




20 0 0 

2000 

2000 

2000 

2000 

20 00 

2000 




1994 

1949 

1941 

1996 

1042 

1*59 

1936 




1999 

1999 

1959 

2000 

1**9 

2000 

1999 




1997 

1993 

1 998 

1998 

19*4 

1995 

1993 
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Table C-6. Averaged and Minimum Transformed Divergence Values for Each of 
Best 6-Channel Combinations by Cover Class Pair. 


Averaged 


Channels 


A B 


C D E F G 


SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

SOIL 

PAST 

PAST 


PAST 

PAST 

PAST 

PAST 

PAST 

PAST 

PAST 

PAST 

CROP 

rrjnp 

CROP 


CROP 

CROP 

Crop 
CROP 
CROP 
CROP 
PINE 
PINE 
PINE 
P 1 0 E 
d!\E 
PINE 
PINE 
PINE 
P I HO 
P I HO 
P I HO 
PIHD 
P I HD 
P I HO 
PIHD 
HDa’D 
H0\m0 
•-•OwO 
hDwD 
h 0 W 0 
HOiVD 
SGHD 
SGHO 
SGHD 
SGH"' 
SGHO 

TUPE 
TUPE 
TUPE 
TUPE 
S YC A 
6YC A 
S YC A 
CCUT 
CCUT 
• • Vr G 


VS 

VS 

vs 

V 5 

vs 

V 5 

VS 

/s 

VS 

vs 

V3 

V S 
vs 

VS 

VS 

VS 

VS 

VS 

vs 

V 5 
VS 
VS 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

V5 

vs 

V 5 

vs 

VS 

VS 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vr 

vs 

vs 

vs 

vs 


PAST 1999 
COO p 159<? 

pi Pood 

Pl'-tO ROOD 
-GwD ROOD 
SGHO >000 
TUPE 5000 
syca an oo 


CCUT 

'-we. > 

i A T *• 
C°OP 

p I rc 
Pl-O 
K)wD 
SGHD 
TU 3 E 
SYC A 
CCUT 
• * V E G 
WATR 
PINE 
PIHD 
HDi-'-n 
SGHO 
TUPE 
SYC A 
CCUT 
' V t G 


1 >77 

5000 

1599 

1R54 

?ooo 

5000 
1998 
199 3 
5000 
5000 
1952 
1 m 
5000 
5000 
5000 
5000 
5000 
5000 
8000 
1 950 
5000 


a! ATP 5 00 0 
PIHl 1993 
HDWD 1928 


SGHO 1>79 
TUPE 5000 
SYC a anoo 
CCur 1966 

N'VEG 190 9 

WATR 5000 
“DWO 5000 
SGHO 5000 
TUPE 5000 
SYC A 5000 
CCUT 5000 
UVEG 5000 
WATR 5000 
SGHD 1784 
TUPE 1992 
5 YC A 2000 
CCUT 1966 
M VEG 5000 
fcATP 5000 
TUPE 1994 
S YC A 1997 
CCUT 1995 
v VEG 8000 
ATP 0 0 0 0 
SYC A 2000 
CCUT 1 99o 
•"VEG 5000 
V ATP ROOD 
CCUT ROOD 


'•'VEG 2000 
WATR 5000 
••• V E r * 1999 


WATR 2000 
vsATR 8 0 0 0 


1999 
199? 

2000 
2000 
2000 
2000 
50 00 
£000 
1986 
2000 
199- 

1 9 9 H 
20 0 0 
200 0 
2000 

2 0 0 0 
5000 
2 0 0 0 

1 98«* 
1997 
2000 
20 0 0 
2000 
8000 
£000 

2 0 0 0 
£00 0 
190* 

1999 
200 0 
1909 
1907 
1900 
1904 

2000 
1967 
1970 
2000 
1997 
5000 
2000 
5 0 0 0 
2 00 0 
2000 
2000 

1 7 r '5 
1994 

2 0 0 0 
1972 
1 09* 
2000 
1962 
1 999 
1994 
2000 
5000 

1 9“h 
1997 
1990 
20 0 0 
2000 
2000 

2 0 0 0 
1990 
2 0 0 0 
2 00 0 


1999 1998 
199? 1996 
5000 8000 
5000 8000 
5000 2000 
50 0 0 <•. 0 00 
5010 £000 
5000 cOOO 
1P33 1983 

2000 1999 

1999 1999 

1996 1991 
5000 1995 
5000 £000 

2000 1998 
5000 2000 
5000 2000 
5000 5000 
1956 1966 

1998 1996 
2000 £000 
5000 1999 
2000 £000 
5000 £000 
2000 £000 
2000 £000 
2000 2000 
1985 1977 
2000 1998 
ROOO £000 
199? 1955 
17?? 1316 
1974 1978 
1007 8000 
2000 2000 
1973 1954 
1971 1975 
5000 .5000 
5000 1999 
5000 2000 
5000 5000 
2000 5000 
8000 8000 
5000 2000 
5000 5000 
1774 1730 
1987 1994 
5000 5000 
1947 1977 

1999 1999 

2000 2000 
1983 1 99S 

1997 2000 

1981 1995 
2000 ?000 
2000 2000 
2000 1997 
1 9 8 199? 

5000 £ 000 
2000 2000 
2000 2000 
5000 8000 
2000 2000 

1999 1 99h 
5000 2000 

2000 2000 


1 9‘>9 
199? 
2000 
5000 
2000 
20 0 0 
20 0 0 
5000 
1 God 
.20 0 0 

1999 
1991 
8000 

2000 
1997 
1 99 d 
2000 
2000 
1 94d 
1996 
ROOO 
2000 
2000 
1995 
2000 

1999 

2000 
1979 
2000 
2000 
1994 
1795 
1970 
2000 
2"00 
1968 


1 Q 75 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
1761 
1995 
2000 
1963 

1999 
20 0 0 
lRvo 
1997 
1986 

2000 
2000 

1999 
1957 

2000 
2000 
20 0 0 
’000 
ROOO 
1997 
5000 
20 0 0 


1959 1947 
1995 1946 
ROOO 2000 
8000 8000 
2000 ?000 
5000 2000 
2000 5000 
2000 2000 
1986 1 9o3 
2000 1955 
1999 1999 
1954 1 53o 
5000 2000 
ROOO 2000 

1999 1999 
8000 2000 

2000 2000 
2000 20 C 0 
1950 1954 
1993 1 99o 
2000 2000 
2000 2000 
2000 2000 
2000 2000 
2000 2000 
20 0 0 2 0 0 u 
2000 2 dOo 
1971 1 Q 7 n 
2000 1999 
2000 2000 
1938 1 9 £ 0 
1799 l°lb 
1977 lQbO 
2000 2000 
2000 2000 
1930 1933 
1983 19b3 
2000 2000 

1998 1999 
5000 5000 
2000 2000 
2000 2000 
2000 2000 
2000 2000 
2000 2000 
1780 17d4 

1995 1995 
2000 2000 
1966 1973 
2000 1999 
2000 2000 

1996 1995 

1999 2000 
1 R93 1 99o 

2000 2 TOO 
2000 2000 

1999 194? 
1993 195b 

2000 2000 
5000 2000 
20 0 0 2 » ) 0 0 
20 0 0 ? 0 u 0 
8300 2000 

1999 194- 
5000 2000 

2000 8000 


A - 1,2, 3, 4, 5, 6 
B - 2, 3, 4, 5,6,7 
C - 1,3,4, 5,6, 7 
D - 1, 2,3,5, 6,7 
E = 1,2, 4, 5, 6, 7 
F - 1,2, 3,4, 5,7 
G - 1,2, 3, 4, 6,7 



' 
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Table C-6 

. Averaged * 

nd Minimum Transformed Divergence Values for Each of | 


Best 

6-Ch 

,nel Combinations 

by Cover Class Pair 

(cont d.). J 





Minimum 


! 



Channels 




1 

-j 

A 

B 

c 

D 

E 

F 

G 


19^3 

1993 

1994 

1976 

1 9s * 

1984 

1964 


19C10 

1977 

198? 

1972 

l*/9 

1964 

1975 

* 

cOOO 

2000 

20 GO 

2000 

2000 

4000 

2000 


<:0 00 

2000 

2000 

2000 

20u 0 

2u00 

2000 


ifO 0 0 

2000 

2000 

2000 

40 u 0 

4000 

2000 


2 o n o 

2000 

2000 

2000 

20u0 

2000 

4000 


40 00 

2000 

20 0 0 

2000 

20 JO 

4000 

2000 


40 00 

2000 

2000 

2000 

40u0 

2000 

2000 


1894 

1956 

1931 

1935 

19»0 

1954 

1935 


4000 

2000 

2000 

1995 

19*9 

1999 

1991 


1964 

1977 

1 *6* 

1965 

1 9o4 

1982 

1989 


1947 

1970 

19*7 

1943 

1934 

1956 

1878 


1998 

1999 

1999 

1933 

19*3 

1997 

1999 


4000 

2000 

20 0 0 

1999 

2000 

2000 

2000 


1 968 

1997 

199* 

1965 

1977 

1995 

1993 

A * 1.2. 3.4. 5. 6 

1 9 ?6 

1998 

1997 

1997 

19t»5 

1996 

1998 


4000 

2000 

1999 

2000 

20 00 

2000 

2000 


2000 

2000 

2000 

2000 

19*9 

2000 

2000 

B - 2, 3, 4, 5, 6, 7 

1780 

1720 

1735 

1799 

1735 

1766 

1747 


1983 

I960 

198 3 

1979 

1 9o9 

1983 

1997 


2000 

2000 

2000 

2000 

2000 

2000 

2000 

C =* 1,3, 4, 5, 6, 7 

1999 

1999 

20 00 

1992 

1999 

2000 

1999 


2000 

2000 

2000 

2000 

20o0 

2000 

2000 

q a 1 23567 

2000 

2000 

2000 

1999 

1 9*4 

2000 

2000 


2000 

2000 

2000 

1996 

1999 

4000 

2000 


2000 

2000 

2000 

2000 

1993 

2000 

2000 

E - 1,2, 4, 5, 6,7 

2000 

2000 

2000 

2000 

20U0 

4000 

4000 


1*93 

1900 

1913 

1632 

1 bo2 

1789 

1820 


2000 

199* 

2000 

1967 

1999 

2000 

1996 

F - 1,2, 3,4, 5,7 

2000 

2000 

2000 

2000 

2uu0 

4000 

2000 


1985 

1933 

1979 

1855 

19o7 

1799 

1710 

Pal 9 ^ A A 7 1 

1535 

1471 

1^16 

1536 

14*1 

1 451 

1 ->37 

U * 1|A, / 

1925 

1923 

1905 

1925 

1897 

1924 

1932 


2000 

1993 

198-, 

1999 

1999 

1999 

1999 


2000 

2000 

2000 

2000 

20(»0 

4000 

2000 


1899 

1881 

191? 

1783 

1914 

1636 

1834 


1950 

1*81 

1384 

1900 

1901 

1931 

1933 


2000 

2000 

2000 

2000 

40 u 0 

4000 

4000 

\ 

1989 

1990 

1999 

1997 

1999 

1996 

1997 


2000 

2000 

2000 

2000 

2000 

4000 

4000 


2000 

2000 

2000 

2000 

2000 

4000 

4000 


2000 

2000 

2000 

2000 

2000 

4000 

2000 


2000 

2000 

2000 

2000 

2000 

1999 

2000 


2000 

2000 

1999 

2000 

2000 

4000 

2000 


2000 

2000 

2000 

2000 

20u0 

4000 

2000 


1 3 f6 

1264 

1266 

1277 

12b0 

1290 

1289 


1966 

1974 

1 9*f 9 

1976 

1979 

1981 

1979 


1999 

2000 

19®9 

2000 

2000 

1*99 

2000 


1866 

18*9 

179 0 

1908 

1853 

1665 

1693 


1988 

19 06 

1997 

1994 

1994 

1998 

1997 


2000 

2000 

2000 

2000 

20u0 

2000 

2000 


1975 

1927 

1931 

1960 

19o3 

1985 

1981 


1989 

1996 

1937 

1998 

1909 

1995 

1996 


1979 

1977 

1926 

1979 

19-th 

1974 

1961 


2000 

1999 

2000 

2000 

i'.OuO 

4000 

2000 


2000 

2000 

2000 

2000 

200 0 

4000 

2000 


1 998 

1944 

1993 

1966 

19*5 

1997 

1986 


1993 

19*7 

19-3 

1966 

1*49 

1991 

1991 


2000 

1992 

1999 

1 J96 

2CuO 

4000 

1999 


4000 

2000 

2000 

2000 

2000 

2000 

4000 


20 OC 

2000 

2000 

2000 

199* 

2000 

4000 


2000 

2000 

2000 

2000 

2000 

4000 

2000 


4000 

2000 

2000 

2000 

2000 

4000 

4000 


1 997 

1971 

190^ 

1992 

19*2 

1998 

1991 


4000 

2000 

2000 

2000 

20 u 0 

2000 

2000 


1999 

1999 

1999 

1999 

19*7 

4000 

4000 
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Table c-7. Averaged and Minimum Transformed Divergence Values for the 
7-Channel Combination by Cover Class Pair. 


Ave . Min . 

S'ML VS PAST 2000 10 r -A 
SOIL VS CRC a 199n 19^5 
SOIL VS PIN? ?000 2000 
SOIL VS ° I nC ?0GC 2000 
SOIL VS hDwO POOP 2000 
SOIL VS SSH’) ,? n 0 0 2000 
SOIL VS TURF 2000 2000 
SOIL VS SYCA 2000 2000 
SOIL VS CCUT 1991 1®A5 
SOIL VS '•’VtO 2000 2000 
SOIL VS WATP 1Q99 1991 
PAST VS C POP 1997 1973 
PAST VS PINE 2000 2000 
PAST VS P I HD 2000 2000 
PAST VS HDvD 2000 1993 
PAST VS S3HO 2000 1999 
PAST VS T'JPE 2000 2000 
PAST VS SYCA 2000 2000 
PAST VS CCUT 19?o 1913 
PAST VS f'VF G 1999 1992 
PAST VS WATR 2000 2000 
CROP VS PluE 2000 cOOO 
CROP VS P I HP 2000 2000 
CROP VS HOwD 2000 2000 
CROP VS SGHD 2000 2000 
CROP VS TU D F 2000 2000 
CROP VS SYCA 2000 2000 
CROP VS CCUT 1939 1915 
CROP VS M VE& 2000 2000 
CROP VS W ATP 2000 2000 
PINE VS Finn 1995 1938 
PILE VS HOWD 1351 1604 
PI^E VS SGHD 1 964 19*2 
PILE VS TUPE 2000 2000 
PILE VS SYC/^ 2000 2000 
PILE V 5 CCUT 1980 1933 
PILE VS hVF r, 1969 1956 
PIKE ' S W A T 9 2000 2000 
PIHO VS HDwD 2000 1999 
P I HD VS SGhD 2000 2000 
pjwn vs JURE 2000 2000 
P IHD VS SYCA 2000 2000 
p I HD VS CCUT 2000 2000 
P I HD VS M VEG 2000 2000 
PI*D VS W A T 9 2000 2000 
HD.vD VS SGHO 17*3 1314 
FDwD VS TUPE 1996 *9*2 
HD.vD VS SYCA 2000 2000 
HD'y. D VS CCUT 1961 1*23 
HD'.vD VS "'VEG 20 0 0 19*9 
HD2D VS V.’ATR 2000 2000 
SGHD VS TU°F 1997 1936 
SGHp VS SYCA 2000 1993 
SGHD VS CCUT 1997 1986 
3GMO VS H v F. G 2000 2000 
SGhD VS v.' ATP 2 0 0 C 2000 
TUP" VS SYCA 2000 1P U 3 
TUPF VS CCUT 1999 1Q95 
TU p £ V> '<VEG 2000 2000 
TU^E V w A T 3 2000 2000 
SYCA V. CCUT 20 0 U 2000 
SYCA VS v V L G 20 0 0 2 0 00 
SYCA VS /. A T 9 2000 2000 
CCo'T VS f V E 3 2000 1^99 
CCUT VS .•AT-' 2000 2000 
“ VEG VS /'ATP 2000 2000 
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Table C-8 


Table C-9 


Average Transformed Divergence Values for Each Channel by Cover 
Class. 

Channels 

6 3 1 5 2 4 7 


SOU 

PAST 

CROP 

RINK 

PIHH 

HDwD 

SGHD 

TUPf- 

SYCA 

CCUT 

MVF6 

>»ATR 


1808 

1476 

132? 

1236 

1555 

1490 

1263 

1653 

1752 

1329 

1251 

172? 


1820 
1 4 o* 1 
139* 
1272 
1327 
168P 
1691 
1569 
1713 
1231 
1261 
1433 


1730 1*49 177! 119b 1 d56 

1313 1474 1336 1397 1373 

1249 1267 l?31 1313 10t>7 

1316 1177 1435 1176 1074 

1344 1574 1580 1416 631 

1564 1270 1640 1236 1179 

1572 1322 1601 1484 906 

1407 1532 1306 1536 955 

1616 1753 1297 1752 931 

1 1 95 1165 1119 1179 1257 

ISa 1202 1073 1270 1041 

1603 1853 1495 1791 1012 


. Average Transformed Divergence Values for Each of the Best Seven 
2-Channel Combination by Cover Class. 




Channels 





3.4 

3,5 

2,4 

?,5 

3,6 

4,6 

1,4 

'OIL 

1932 

1 *3<* 

1 ■** 1 

1937 

1916 

1922 

1 4?8 

c tST 

1 non 

1 e76 

1 32 J 

1426 

lo43 

1 rt _> 7 

1 o u 9 

CROP 

1835 

1 796 

17 Vc 

1 7o7 

173“ 

1776 

1 747 

PINT 

1783 

1 733 

1774 

1747 

1461 

1716 

17?8 

of -in 

lb58 

1629 

1 65b 

1 4S5 

1463 

1.34 5 

3 o22 

un:.j6 

1861 

1379 

1 l?o 2 

134 5 

1 06 T 

1 7 n4 

1611 

c.c-nr; 

1 42 4 

1433 

1917 

1912 

1414 

1 7 r b 

1695 

TUP t 

1 394 

1837 

1611 

18*1 

1374 

15 84 

1303 

‘YC7 

196? 

1 47? 

1347 

I960 

] qc 6 

1447 

1425 

CCUT 

156 7 

167! 

1 672 

1 A 45 

14*4 

! 7 .) 7 

1 o4E 

•'V r P- 

] 73o 

] 724 

1733 

1714 

1657 

17 0° 

1739 

V : 4 T R 

19-1 

1 

1 476 

j 9 3 3 

1 4 7 3 

1427 

1975 
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Table c-10. Averaged Transformed Divergence Values for Each of the Best Seven 
3-Channel Combinations by Cover Class. 

Channels 



A 

B 

C 

D 

E 

F 

G 

A 

3 

3,4,5 

^0 T L 

1 97 7 

1974 

l^,i 

1 9-0 

1 9-, 

1 9 -> 7 

1576 

B 

a 

3,4,5 


1571 

1 *4 h 

1 9 '.TO 

1966 

] 94* 

1 54 1 

1 6 1 6 




''ono 

1 9 71 

1947 

1941 

] 9 -,5 

1 9P5 

169? 

1914 




P T A'" 

1 ri3 

191? 

1 086 

1 8 96 

1 9 1 O 

1=66 

190 0 

C 

=x 

3,5,6 

O I -iP. 

1947 

1 980 

1*02 

1946 

1976 

1976 

1 9 5b 




*■* D D 

1919 

19?9 

1 4?b 

1M3 

191 , 

1911 

19 33 

n 


2 4 5 

“ 1HC 

19:>5 

19“>r 

1959 

1 3*7 

1 36,-. 

1 3*9 

Wo5 

u 



TUPf 

19 79 

19b6 

1967 

1979 

1 956 

1947 

1940 




FYC* 

1 994 

1990 

1991 

1974 

1971 

1977 

1 9SB 

£ 

ss 

2,4,6 

CCUT 

1 87 9 

1886 

1 839 

1 356 

133.1 

1335 

1 bb<* 





1981 

18 85 

1871 

1984 

1904 

190 3 

1,41 




V A T D 

) 998 

1997 

1996 

19*7 

1 994 

1999 

1*93 

F 


2,5,6 









G 


1.3,4 


Table C-ll. Averaged Transformed Divergence Values for Each of the Best Seven 
4-Channel Combinations by Cover Class. 

Channels 



A 

B 

C 

D 

E 

F 

G 

A 

=s 

1,3, 4, 5 

80 1 L 

1941 

1990 

194? 

13 9 

193 1 

19 9? 

1,3? 

B 

= 

3, 4, 5,6 

p AST 

1465 

1 9*4 

197b 

13-7 

1 -) 6 u 

1 93u 

1976 




CROP 

1991 

1 9 86 

1983 

1563 

1 5 e 8 

1579 

1 931 




3 IMF 

1951 

1 960 

194 9 

1 359 

1 9 4 0 

1950 

1 *4 1 

C 

3 

1»3|4,6 

p J HO 

1991 

19 57 

1969 

1 9 u 1 

1 9 8 1 . 

198 9 

1991 




HD WO 

1 943 

1947 

1951 

19-1 

1941 

1963 

19*9 

n 


o A S 7 

SGHO 

197? 

1968 

197^ 

l p 7 J 

]566 

1 97? 

1971 

u 



TUP r 

1991 

1 986 

1 98 4 

13 9 0 

] 999 

1 9 8 9 

1 4 76 




6VC A 

1 999 

1996 

1999 

1937 

1 95* 

19 93 

15*9 

E 

SI 

2,4,5, 7 

CCUT 

1943 

1947 

1941 

1 9*5 

] 3 3 ° 

1 9 33 

1 935 




*VEG 

I960 

19 76 

1989 

1973 

134 ' 

1979 

1934 




W AT 8 

? 0 0 0 

199* 

8 0 0 0 

1 95- 

1 99 - 

1 9 99 

3 u 0 0 

F 

2 

2, 3,4,6 


G - 1,3, 5, 6 



< * X 


55 


ORIGINAL PAGE 0 
OF POOP QUALITY 


Table C-12. Averaged Transformed Divergence Values for Each of the Best 
Seven 5-Channel Combinations by cover Class. 

Channels 



A 

B 

c 

D 

E 

F 

G 

A 


1,3, 4, 5, 6 

"Oil. 

1 9'^'j 


199, 

1997 

1 9 9 

1 4 

1 »■»-, 

B 

=z 

2, 3, 4, 5, 6 

PAST 

19*2 

1^1 

19^1 

19Q3 

1 99 3 


1 1 9 




rpns 

19 93 

1993 

1 990 

1 996 

19 9.' 

1 9 v V 

19 36 




PI\<7 

1 975 

1 97S 

1965 

1962 

1 96 i 

1 

1966 

C 


1,2, 3, 4, 5 

BIM’' 

1 99 9 

1999 

1993 

1 39* 

1 99 - 

1939 

1 996 




MO,;:- 

1961 

19f»0 

1 963 

1 367 

1966 

19b* 

1906 

D 

_ 

1 1 4 s 7 

SGH*’' 

1977 

1976 

1 960 

1977 

137“ 

1972 

1930 




TUPi 

1 995 

1<495 

1999 

1 995 

1992 

199a 

1 996 




9YCA 

1999 

199« 

P000 

1999 

199 

19*5 

1 *99 

E 

= 

3,4, 5, 6, 7 

CCUT 

1 96 9 

1970 

1962 

1 9*}8 

197' 

1971 

1962 




**V 5G 

1997 

1 9 9 <♦ 

1 99 7 

19 95 

1 96 7 

1991 

1493 




V ATP 

2000 

2000 

?000 

2000 

199s 

2000 

? u G 0 

F 


2, 4, 5,6, 7 









G 

=. 

1,2, 3, 5,6 


Table C-13. Averaged Transformed Divergence Values for Each of the Best 
Seven 6-Channel Combinations by Cover Class. 

Channels 



A 

B 

C 

D 

E 

F 

G 

A 

3X 

1,2, 3, 4, 5, 6 

"OIL 

10 4" 

199» 

1 44 O 

19-3 

1 99" 

19 4- 

1 *96 

B 


O')/. c t 7 

PAST 

1 993 

1995 

1996 

19-o 

1 994 

19 9- 

14 9 6 

— 

2, 3,4, 5, 6,7 

f'q sp 

1995 

1998 

1 998 

199 5 

1997 

1996 

1 996 




6 r \ r 

1933 

198 6 

] 979 

1975 

] 9 74 

1 9 7 <* 

1 075 

c 

= 

1,3, 4, 5, 6, 7 

P i HO 

1 999 

1999 

1999 

199 7 

200 0 

1 996 

1 994 



HO W0 

1970 

1957 

1 9f>5 

1970 

19 66 

I96 0 

1970 




SGHP 

193? 

I960 

1 900 

19 32 

1 9g 0 

19 32 

146 3 

D 

SS 

1,2, 3, 5, 6,7 

TUPP 

1999 

1997 

1 9 H 7 

1999 

1 999 

1999 

1999 




SYC A 

2000 

1999 

p 0 0 0 

2000 

poor 

2000 

POGO 

T? 


1, 2,4,5, 6,7 

CCUT 

I960 

1935 

1963 

19 0 

19 0? 

I96 0 

1 061 

E 

= 

“VEG 

1999 

1996 

1990 

19*7 

1 997 

1990 

1990 




W A T P 

,2000 

2000 

.2003 

2000 

P0 00 

2000 

?0u0 

F 

3 

1,2, 3, 4, 5, 7 


G - 1,2, 3,4, 6,7 



